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The report has been reviewed by the Eustis Directorate,
U. S. Army Air Mobility Research and Development Labora-
tory, and is judged to be technically sound.

The primary effort is to examine the behavior of rotary-
wing aircraft in steep approaches, from the standpoint
of aerodynamics and dynamics, and the resultant effects
on human and automatic control.

The report is presented in four volumes. Volume I sum-
marizes the main results of the study. Volume 1I des-
cribes the MOSTAB program. Volume III presents derivatives
and transfer functions for the YHC-1lA tandem-rotor heli-
copter and the S-58 single-rotor helicopter. Volume IV
presents derivatives and transfer functions for the AH-56A

compound helicopter and data on low-altitude turbulence
representation.

The program was conducted under the technical management
of Mr William D, Vann, Aeromechanics Division.
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The findings in this report are not to be construad as an official
Department of the Army position unless so designated by other
authorized documents.
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Government procurement operation, the United States Govermment
thereby incurs no responsibility nor any obligation whatsoever; and
the fact thct the Government may have formulated, furnished, or in
any way supplied the said drawings, specifications, or other data
is not to be regarded by implication or otherwise as in any manner
licensing the holdér or any other person or corporation, or con-
veying any rights or permission, to manufacture, use, or sell any
patented invention that may in any way be related thereto.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Dc not return it to
the originator.
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ABSIRACT

Derivatives and transfer functions are presented for the
Lockheed AH-56A helicopter. The flight conditions considered
include airspeeds of from 0 to 100 knots and descent rates from
0 to 28.8 fps. A critical review is given of published data on

low-altitude turbulence.
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Constant relating O and V
Lateral cyclic pitch, radians
Longitudinal cyclic pitch, radians

Constant relating oy and U+

Specific heat coefficient, BTU's/°F-1b
Reduced frequency = nZ/V cycles
Gravitational constant, ft/sec2
Function relating Oy and V

Heat flux, BTU's/ft>-sec

Von Kerman constant

Eddy conductivity -H/Cpp Ae-, fta/sec

Eddy viscosity U*a/ % 3 fta/sec

Scaling length, ft

Rolling moment or acceleration, as appropriate
= K fK Tt

Pitching moment or acceleration, as appropriate
Frequency, cycles per second

Yawing moment or acceleration, as appropriate
Exponent in wind speed-altitude relationship

Roll rate
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Q Pitch rate
R Yaw rate
Rf Flux Richardson number-ratio of shear energy to buoyant
energy
g 2, wy
R, Gredient Richardson number —&7/ 5})
r5 Vertical coordinate of distance vector, ft
8 Spectral density
T Temperature, °F-
Te Scaling temperature ~H/KU%C p, °F
Te Irimmed iteration column vector
] Trimmed velocity along x-axis
Uw Friction velocity, \Fr/_p, £t/sec
U, v Mean wind emplitude, ft/sec
u Perturbation velocity along x-axis
\'f Trimmed velocity along y=axis
v Perturbation velocity along y-éxis
W Trimmed velocity along zeaxis
w .Perturbation velocity along ze=axis
X x.-axi‘s force or acceleration, as appropriate
Yy y=axis froce or acceleration, as appropriate
z z=axis force or acceleration, as appropriate
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Elevation, ft

Roughness iength, ft

Constant relating V and Z

- /X, |

Potential temperature of air, °F
Potential temperature at Z , °F

Pusher propeller collective pitch, radian
Tall rotor collective pitch, radians

Density of air, 1b/ft’
Standard deviation

Horizontal surface stress, 1b/ft°

Bank angle, radians
Pitch angle, radians
Function relating V and 2

Special Subscripts

u

\4

w

Subscript for longitudinal wind direction
Subscript for lateral wind direction

Subscript for. lateral wind direction



VII. LOCKHEED AH-56A DERIVATIVES AND TRANSFER FUNCTIONS
w

For brevity, this section describes only those features of the
AH-56A derivative and transfer function print-out which differ from the
It is
therefore essential for the reader to at least skim through Part VI
before reading further.

corresponding printouts for the S-58 given in Part VI,

Derivatives, residues, eigenvectors, and transfer functions
were calculated for the AH-56A in the flight conditions indicated below.
As with the 8-58, Vs is the total airspeed, not the horizontal

component.
TABIE I AH-56A FLIGHT CONDITIONS, SPEED AND DESCENT RATE
vm Knots 0 20 40 60 100
Rate of 9.6 9.6 9.6 9.6 9.6
Descent "19.2 19.2 19.2 19.2 19.2
fps 28.8 28.8 28.8 28.8 28.8
TABLE II AH-56A FLIGHT CONDITIONS; SFEED AND DESCENT ANGLE l
Vg Knots 0 20 Lo 60 100
De‘cent -90 -1605 -8005 ."'5.“‘1 -5025
Angle -90 =33.5 -16.5 -10.9 -6.52
Degl‘ees ’ "90 -5805 -25.1 -1606 -9081
¥
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This Part presents derivatives for all the above flight
conditions. In addition,the 28.8-fps vertical descent case and the
Lo-knot case at the same descent rate (y = - 25.1 degrees) were re-run
without the cyclic variation of tip losses. Space limitations
precluded a full presentation of all the transfer functions, residues,
and eigenvectors for all of these cases, Therefore, only the following
data are presented here.

(1) Derivatives for all the above flight conditions

(2) Transfer function numerators relating u, v, w, p, q,
and r (measured in stability axes) to all control inputs
for speeds of 0, 20, 40O, 60, and 100 knots in level
flight and at 28.8 fps rate of descent. The control
inputs include longitudinal and lateral cyclic pitch,
main rotor collective pitch, taii rotor collective pitch,
and collective pitch of the pusher propeller.

(3) Eigenvalues (transfer function denominator roots) for
the above flight conditions. Eigenvalues for the
remaining flight condition. are included in Chapter VIII,
Table XXII, which compares all the eigenvalues.

Residues and eigenvectors of particular significance are given in
Chapter VIII, but none are included in this Part, although all the
residues were calculated at each flight condition.

Explanation of the Print-Out Format

The print-out format is identical to that of Part “II with
the following exception:

The controls are denoted as follows:

maln rotor collective pitch, radians

c(1) = o

o
c(e) = By = longitudinal cyclic pitch, radians
c(3) = A = lateral cyclic pitch, radians
c(d) = 6,4y = tail rotor collective pitch, radians
c(s) = eop = pusher propeller collective pitch, radians

The trimmed iteration column vector, as for the S-58, contains
c(1), c(2), c(3), c(k), &, and ¢ in that order.

Note that the comment of Part VI regarding the root-locus
gains also applies to the AH-56A data of this Part,

2




LOCKHEED AMS64 HELICOPTER

WJUNE 10 1970  MOSTAB«B DERIVATIVES

CASE 1 SPCED® 67.8 FT/sEC,

GROSS WEJGHT=1Y

STABILITY DERIVATIVE MATRICES~

HeDYT8=28,0 FY/SEC,
600. SEa LEVEL.

GCAMMAS=25,1 DEG,
OYNAMIC TIP LOSS (YES)

U v w » ] R
X =.11C9+03 +1309+01 ~=,7964+92 “+1307+03 1174504 ¢ 3392403
Y =¢1465401 ~,3566402 «~,1332+01 =e1392004 -,1243403  ,1372+04
Z =.1610%03 =,1139401 =,1824+D3 07995402 -,6143¢03 6523403
L =.1420403 ~-.4584402 =~,9569+02 “e7471¢05 9128404  ,2501+40%
M .1676403 -,3230%02 ~,8663¢02° =,7067+04 ~18791405  ,5979¢p4¢
N =.1962403  .5116403 «,2264403 012466405 <~,2203¢04 <~,3236¢05
U 00T vV Dot W DOT P DOT e nor R poOT
X =.4000-01 «2279=03 =,8829-p1 “12404902 ,2321¢p1 11096402
Y +2108-01 «6738-04¢ +4606-01 '~,1896401 «~,30108¢p2 +8645-0p
2 «2604-0% +4635-p3 «5536~p1 v1367¢02 ~,1562-00 =,6225+01
L «2723+01  ,2199-02 ,59674p1 12448404  -,1220404 ~,1113404
Mo 01695401 .1010-02 ,3695+p1 «1250404  ,2986+04 ~,5699403
N Te1354401  -.1592°02 ~,2065401 . =,3108404 3821403 ,5551+03
e 1) ct ) ct 3 c( &) ct s)
X =¢3069405 -,5488+404 ,1095¢05 =,9903402 =+8801+04
Y Te1333404 1459405  ,6206404  ,6863406 +1455-02
Z -.1074¢06 ,3158404 ,9953+04 01088402 ,4171+04
L =.9136%04  ,5989408 ,28532¢06 ~+80869405 <«,4287¢0¢
M +1839+06 02724400 ~.6766406 <-,1345404 01301405
N «6210+405 - =,2901+06 . ~,9290+05 -;1910000A f,§397003
THE INERTIA TENSOR ’
11899405 -~,1278-0% ,1642405
=11278-05 ,5000+0%5 ,6769-06
11642405 676906 +4753¢05
TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEWICLE REFERENCE AXES®
U v w P e} ~R
26169402 -~,2794=04 «2814402 -,p000 +0000 =.0000
TRIMMED ITERATION COLUMN VECTOR, TE-
«1295-00 -.1217-02 ,1142-01 *1807-01 ~,1077-01 ~,4171-02

STABILITY AXIS SYSTEM EULER ANGLES~
AIRCRAFT INERTIAL SPEEDS 6780402

DUC\BLE

NoT REPRO

THETA® -,4387-00 PHI -.4607-02’




DENOMINATOR CHARACTERISTIC

ROOTS .
REAL IMAGINARY ;x
PART PART
-,6279-01 +0000
-,9903+01 00000
-~,1894+02 20000
-,4087-01 12621«00
-,4087-01 -,2021=00
~,23528~00 2757700
~,2328-00 -,7577=00 ‘
-.5257-00 »0000
»0000 * +0000
»0000 - »0000
10000 »0000
»0000 »0000
NUMERATORS -

(NOTE- NUMERATOR ROOTS LESS THAM 1.0E~7 TIMES THE

LARGEST NUHERATOR ROOT 4RE NOT INCLUDED IN TWE BODF GAIN),
Xt 1)=T0-C( 1) NUMERATOR

ROOT LOCUS GAIN®  ,1043+03

BODE GAIN = ~-.1031+04

ROOTS
REAL IMAGINARY
PART PART
.03151.07 0 ’0000
-,9925+0% »0000
-,2481-00 '8153=00
-,2481-00 - =43153~0C
».4934~-00 16966=0C
~,4914-00 -,6966=0C
-.7923-00 +0000
-,6864-01 .0000
,000C .0000
. 0000 »0000



X( 2)=TN=C( 1) MUMERATOR

ROOT LOCUS nalNs «3403+034
BODE GAIN = 1513402
ROOTS
REAL IMaGINARY
PART PFART
y896%=-02 «0000
-,5841+02 » 0000
-,7281=-00 1000
-, 65%90=91 ¢ 3195=00
-, 6550-31 -,3195-07
~,2621+01 1821+01
'02621"01 ’01521"01
»0000 0000
-, 3801=28 » 0000
JOUCG « 0000

X({ 3)-70-C( 1) MUMERATOR

ROOT LOCUS GAIN® 02219403
BODE GAIN = 14364+
ROOTS
RE AL, IMAGINARY
PART PART
=.9540~-01 +N000
-09972’01 JAGON
-,2171=()0 0000 .
-, 2300=10 .7472-0C
=,230C=30 - 7472=00
*$585=91 00N
445400 v N030
“s1755=357 009
0020 110CC
e IVial 0000
5
i R B
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Xt 4)=70-C( 1) NUMERATOR
ROOY LOCUS GAIN® 0 3979¢0)
BODE GAIN = 14587-04

ROOTS
REAL IMAGINARY
PART ‘PART
2 3666~05 0000
»,12088404%. »0000
-,6900-00 »0000
-,2692-00 v1593=00
-,2692-00 =:1593=00
12260401 +0000
'.61’2-01 038“.00
-,6182-01 =+5844=0C
»0000 +0000
»0000

0000

X({ S)=T0-C({ 1) NUMERATOR.
ROOT LOCUS GAIN® =,3750+01
BODE GAIN * =,4252-01

ROOTS
REAL IMAGINARY
PART PART

v1342-01 »0000

. =,1062+02 +0000
-,2452-00 v7604=00
-,2452-00 ~-.7604-00

-,5212-00 »0000
-~,7422-01 03231-01
-,7422-01 -.3231-01

0000 +0000

«1341-06 »0000

-.5402-07 10000
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X( 6)-T0-C( 1) NUMERATOR
ROOT LOCUS GAIN= =,2879+01
BODE GAIN =  .7001~05

ROOTS :
REAL IMAGINARY 3
! PARY PART i
«7585-06 «0000 - 2
-,1190+00 02957«00 g
-,1190+00 - '02957'00 ]
. ' 5699-01 +3391-00 |
: '5699-01 -.3394~00 :
; -,2290¢0% 02200014 j
i -,2290+01 -~,2200+0%
~,7243-00 +0000
0000 »0000
.0000 »0000

X( 1)-T0-C¢ 2) NUMERATOR

m-_h.#_;‘_g_ﬂ__

f ROOT LOCUS GAINS 01548402
BODE GAIN = =.1284+04

ROOTS

REAL IMAGINARY

3 PART PART

-,2089-06 0000

-,2325=-00 «0000

~,1013+00 0000
-~,1629-00 1 7536+00
»,1629-00 -.7536=00

~,8066+01 «00C00
=.1035+01 «3581+01
-,1035+4+01 -.35681+0%

+0000 »0000

0000 0000
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XO 2)=T0=0( 2) NUMEKATCH

ROOT LOCUS GAINZ  =,292440¢
BODF GAIN = 2788404
ROOTS
REAL IMAGINARY
- PART PART
-.2403-01 292200
-,2403-01 -.2922-00
-,2926-00 L0000
-07562*02 0000
-, 2180+01 L0UNO
-,8586-00 ¢ 95461-00
-,8386-00 -.5461=07
.0000 « 3000
.0000 «N0GY
0000 «0U0C

X¢ 3)=70-C( 2) NUMERATOR

ROOT LOCUS GAIN= =.3901+01
BODE GAIM = +1433+04
ROOTS
REA'S IMAGINARY
PART PART
-.1210+00 »0C00
-,6055+02 « 2000
-.5525+01 . 0000
-.1952-00 «70d8=00
-,19%2-00 -, 7684=0N
-.2084-00 W 3630=00
'.20““‘00 -03(‘0“'03
Jocee WDY
.00CO0 JuLe
.03C0 J3UNG

8
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X 4)=TP=C( 2) NUNERATOH

RDOT LOCUS GAINE  =-,6982+402
BODE GAIL, = 024024072
ROOTS
REAL IMAGINARY
PARY PART
-.4563-01 0?755"”1
-, 4563-01 -,2755-02
-,2118-00 » 0000
-.5418-00 .0000
~,1942+01 .acoc
-01110*00 07273'08
-.1110+00 '07278.00
.0000 - ,0000
.0020 .200C
.0000 .000¢

X({ 5)=T0-C( 2) MUMERAOR

ROOT LOCUS GAIN® =,8042+0%1
BODE GAIN = =~,2358-0C
‘ROOTS
RE AL IMAGINARY
PART PART
0 3765-01 000
-09270-01 05926'01
=.9270-01 -5926-04
-.5504+01 ~0U0C
-.201€=-0C v7245=0C
-.2016-00 -.7549=-00
=.95359=0C iV
-.111€-0/ +COUC
L0000 .HunC
=.745%1-08 OOLOCG
9




X¢ 6)=-T0=C( 2) MUIMERATOR
ROOT LOCUS GAINs = ,3227+02

BODE GAIN =. ,1176-04

ROOTS
REAL IMAG INARY
PART PART
,2297-06 .0000
-,2077401 ,0000
-,5749-00 - 1819300
-,5749-00 -,8193=00
-,4092-01 +2692+00
-,4092~03 -.2692400
.6603-00 .0000
~,4262-00 .0000
,0000 ,0000

0000 » 0000

X{ 1)=T0-C({ 3) NUMERATOR
ROOT LOCUS GAIN® =,3927+02

BODE GAIN s 2684404
ROOTS
REAL IMAGINARY
" PART PART
~,7622-07 , 0000
~,3300-00 » 0000
-,6035-01 »0000
- =,1020+02 »0000
-.1901-00 ' 3879+01
~,1901-00 ~.3879+04
-,2335-00 2 7461=00
-,2335-00 -,7461=00
»0000 «0000
,5859=-07 0000
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X{ 2)=70=C( 3) NUMERATOR

ROOT LOCUS GAINS =,1369+02
BODE GAIN = 140674403
ROOTS
REAL IMAGINARY
PART "PART
v3532-08 00000
-,6856+02 0009
-,4872=-04 * +1017+00
. ~-,4872-01 -,1017+00
«1753-00 »4451-00
«1733-00 -,4451«00
-,1773+04 01242‘01
”01773f°1 -,124240%
0000 »0000
» 0000 »0000

X({ 3)=T0-C( 3) NUMERATOR

ROQT LOCUS GAIN=

=.2160+02

BODE GAIN = =~,2482404

ROOTS

REAL

PART
4 '05917’01
4217402
-,2300-00
-,2300-00
-,1075+02
-,2166-00
~,2166~00
-,1482-09

» 0000

+0000

IMAGINARY
PART

+0000
+0000
07950'00

~+7480-00
+0000
03503900

=,3603~00
+0000
»0000
+0000
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X( 4)=T0-C( 3) NUMERATO®R
ROOT LOCUS GAIN® =,3087+02

BODE GAIN = «4101+01

ROOTS
REAL IMAGINARY
PART PART
' 5423-02 +1539-00
1 5423~02 -,1539=-00
-,3281-00 1416301
"03231-00 "04163"01
-~,8947-01 9575=00 ‘
-,8947-01 -,9975=00
».1516401 »0000
»0000 +0000
+0000 +0000
+0000 +0000

X({ 5)=T0-C( 3) NUMERATOR
ROOT LOCUS GAIN= +1340402
BODE GAIN = =~,4027-01

ROOTS
REAL IMAGINARY
PART PART
-,1334-01 »0000 ¢
-,2171-01 .0000
-,1121+02 0000
-02336-00 07504'00
-,2336-00 -,7504=00
-,5362-00 0000
~,7655-01 .0000
+1718-06 +0000
-,4040-09 0000
.0000 .0000
12
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X( 6)=T0=C( 3) NUMERATOR

ROOT LOCUS GAINs 1373402
BODE GAIN = 8741401
ROOTS
REAL IMAGINARY
PART PARY
“,1432-02 11610700
-.1432-02 -1161000
~,4309-00 14135-00
»,1309-00 ~,4115»00
~,1418+01 11229401
", 1418401 -,1229+01
1023401 <0000
~,1863-08 20000
+0000 10000
» 0000 "+0000

Xt 1)=70-C( 4) NUMERATOR

ROOT LOCUS GAINs 12440-00
BODE GAIN +9822+02
ROOTS
REAL IMAGINARY
PART PART
-,1153-06 0000
-,9699+01 ' 3368+01
-, 9699+0% -.3368+01
~,2666+01 .0000
-,2807-00 20000
v 1938+01 w0000
-,1286-00 0 2356«00
~.1286-00 =,.2356~00
1 4657-09 . 0000
+ 0000 0000

13




X( 2)-T0-C( 4) NUMERATOR
ROOT LOCUS GAIN® =.1416402

BODE GAIN 3 «2053+02
ROOTS
REAL IMAGINARY
PART PARY
-,3279-02 »0000
-0189“02 oDUOO
-,8761+01 +0000
~,1887+01 »0000
-,5451-00 10000
-,4128~01 12630~00
~,4128-01 -,263000
,0000 ,0000
»0000 »0000
»0000 +0000

X( 3)=70=C( 4) NUMERATOR

ROOT 'LOCUS GAIN= =-.4491-03
BODE GAIN = =,1263+03

ROOTS
REAL IMAGINARY
PART PART
-,2197-07 »0000
01357403 +0000
-~,1904-00 14257-00
».1904-00 " =,4257=00
-.1049+00 12335-00
-.1049+00 -,2335=00
-,1381+02 »0000
-, 2883+01 +0000
.0000 »0000
0000 »0000

14




X( 4)-T0-C( 4) NUMERATOR
ROOT LOCUS GAINs +9095-00
BODE GAIN = ~-,3884+01

BODE GAIN =

ROOTS
REAL IMAGINARY
PART PART
-.4112-04 0 20642~00
-,4112-01 =,20642=00
-.2441-00 «1837-00
-,2441-00 -,1837-00
-,1711+02 » 0000
-,1905+01 »0000
-.53569-00 + 0000
»,0000 0000
20000 00090
»0000 «0000

X¢ 5)=T0-C( 4) NUMERATOR

ROOT LOCUS GAINs v7414-02
»3813-01
REAL IMAGINARY
PART PART
18734-08 + 0000
~,8473+02 » 0000
v+, 3056+01 « 0000
’-5503'00 .0000
-,1274=-00 v2112-00
-,1274~-00 -.2112-00
-,1783-00 0000
07218‘01 00000
8568=Q7 .0000
»0000 «0000
15
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X( 6)=T0=-C( 4) NUMERATOR
ROOT LOCUS GAINs v 3744403
BODE GAIN = =.R277+01

ROOTS
REAL IMAGINARY
PARY PART
-,4374~04 12642~00
=,4374-03 -,2642-00
-,7661-02 0 2997=00
-,7661-02 «,2997-00
-,9143+01 +0000
*,1886+01 0000
-,5450-00 »0000
' 7477-10 «0000
-,5891=08 0000
»0000 20000

X( 1)=T0-C( 5) NUMERATOR
ROOT LOCUS GAINs= »1814+02
BODE GAIN = <~,5021+02

ROOTS
REAL IMAGINARY
PART PaART
06527'07 0030
-.9916+01 » 0000
-,1736-00 « 0000
-,5800-01 , 00060
-,1057+0% «3124-00
~,1057+01 -.3124=-00
-,2355-00 ' 7942=00
-,2355-00 -.7542~-Q"0
,000C : 0000
.0000 .0000
16
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X( 2)=-T0o-C{ 5) NUMERATOR

ROOT LOCUS GAINS

' ,1443=01

BODE GAIN = =.2710+01

ROOTS

REAL

PART
+1791-06
-,5848¢03
~,1143+01
=,1143401

04429-01
01649+01
«3395-00
+1387-00
»0000
+0000

IMAGIN
PAR
0000
.0000

~ 11119
f)1119

+0000
+0000
+0000
«0000
0000

ARY
T

+01
+04

+0000

X( 3)=T0=-C( 5) NUMERATOR

ROOT LOCUS GAIN=

-.8595+01

BODE GAIN ®  ,4826402

ROOTS

REAL
PART
=.57035-01
-.9996+01
-,4776+01
-,2299-00
'02299'00
-,2210~-90
-,2210-CC
.0000
. 0000

.QQPO

IMAGIN
PAR
+0000
«00CO
«0000
07564
-,7564
02128
'02120
»0000
0000
»0000

ARY

T

~0C
-00

=00

=00

17




‘R( 4)=TO-C({ 5) NUMERATOR
ROOT LOCUS GAINS:  ,4331-00
BODE GAIN = =,7678=01 °

ROOTS

REAL IMAGINARY

PART PART

-, 759107 v 0000
=,3223-00 v1083+00
-,3223-00 -,3083+00
+1312-00 v1089+00
v1312-00 -,1089+00
-,2711-00 v1015+01
»,2711-00 -,1015+04

=-,1308+01 » 0000

»0000 20000

» 0000 +0000

Xt 5)-70-C¢ 5) NUMERATOR

ROOT LOCUS GAINs -.2635~00
BODE GAIN = v 7536-03
REAL IMAGINARY
PART PART
v 1449-02 «0000
-~,1082+02 »0000
-,2299-00 0 7535«00
-,2299-00 -,7535-00
-,5328-00 ,0000
v2329-00 0000
. =,6488-01 »0000
-,1441-08 . »0000
.2184-06 +0U00
v 3592-07

»0000

18



Rt 6)=T0-C( %) NUMERATOR

ROOT LOCUS GAINS
BODE GAIN & =,1636-00

ROOTS

REAL
PARY
1374=00
11374=00
‘5730"01
".7308'01
12997401
=,9940-00
-,9940-00
»0000
+0000
+0000

=,1457-00

IMAGINARY
PART
01124400
=04124+00
..4040f00
=,4040=«00
20000 -
09713=00
“.9713-00
10000
20000
00000

19
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QR =D ST ~ -

LOCKHEED aWS6A HELICOPTER  JUNE 10 1970

CASE 2 SPEEDs 28,8 FT/SEC, WeD0OTs-2R,8 EY/SEC,

CROSS WE]GHT®15600. SEA LEVEL. DYNAYIC TIP LOSS (YES)
~

STARILITY DERIVATIVE MATRICTS=

V] v W P 9

X ~=.7%13+02 19704401 =,50548+08 +1011404 =,6809¢D?
Y 12825401 -,2100¢02 2974421 '436ne03  -,1948+)3
I =,2026+401 ~-,2556+01 =,3706¢01 09236402 =,1664+04
* L =.2200°03 .3516%03 <=,3561+02 ~-,1227+35 ~,4563+04
' M =,1201¢03 ~-,.5593¢02 =,5100+03 15707434 ~=,8952+08
; N =.2373¢02 3998403 =,%163402 ~=,125R+04 <~.11%59+05

: u nor v Dot J DAY P DOT @ DoT
\ X =,1073-03 .2261-04 14161=05  ,3059-01 14676-00
J Y =.1038-0% ~.3476~03 ~,5900-04 1279404 ~,2587+02
: 2 01663-04 =,141%=03 ~,2919-03 ~,4234-N0 «3322+-n0
L +3891-03 v535%=02 2727=02 1549402 -,1137+03
] M v1163+00 0649702 =,1977-02 ~.1668+03 129308+04
N «11682%00 03169-02 =,2009-03 ~.13p6en2 +11430+04
ct 1) ct 2) ct 3) ct 4) ct 5) -
X =.1120006 ~,5360¢03 ~,1971¢03 ~-,5756403 +11232+03
Y =,5995¢04 +182640% 5659404 «AN39+04 14163401
4 14084403  .5621404 ~,.1831+05 .1237+22 +3086+04
L 02347406 -,2937405 02556405 <=,2429406 ~,2594+04
M =,7936%04 ,2740%06 <=,6723¢06 <~,2167¢N5 15528404
i N =,5486¢04 ~,6730%06 =,2749+06 ~-,3850404 11192+03

'THE INERTIA TENSOR

-

-

+ 5497405 02‘37‘03 '07611‘03

2437403 ,5001408 =,3728+02

- 7611403 =.3728402 ,1151+0%
TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEWICLE REFERENCE

T v W p )

-,5040-00 =-.1409401 .2876+02 =,0000 .0000

TRIMMED [TERATION COLUMN VECTOR, TE~

,2435-00 ,8854=03 =,7529-02 .1343-00 175001
STABILITY AXIS SYSTEM EULER AMGLES- THETA® ,1572¢01  PH]

ATRCRAFT [MERTIAL SPEED= .2RAG+02

20

MOSTAB=-B DERIVATIVES
GAMMA®=90,0 DEG,

R
=e1795+03
11632404
=,4034¢03
~11849+04
11075405
=,8650405

R DOY

1 9090°04
=,4791-00
-,2588+02

13824933
'.1425’0‘

12992404

AXES*

R
=.0000

-,4895-04
.000¢0



DENOMINATOR CHARACTERISTIC

ROOYTS
REAL IMAGINARY
PART PART
,8006-01 ¢ 3619~00
-,5006-04 ~¢3619-00
-,3925-01 14387200
“.3925'01 ‘0‘307'00
-,1805-00 1906901
-,1805-00 -~ ¢9069~04
~,9824+01 20000
-,1905+01% 10000
+1490-07 00000 -
+0000 » 0000
»0000 «0000
«000C « 0000
NUMERATORS

(NOTE> NUMERATOR ROOTS LESS THAN 41,0E-7 TIMES THE
LARGEST NUMERATOR ROOT ARE NOT INCLUDED IN THE BODE GAIN),

X¢ 1)=T0=Ct 1) NUMERATOR
ROOT LOCUS GAINs 12328403
BODE GAIN ® =.,9600+03

ROOTS
REAL IMAGINARY
PARY PARY
»,1659-00 »0000
~,9823+01 .0000
=,1905+01 «0000 .
. 3698-01 . 440500
-,36968~01 -,4405-00
-,8356-03 0 3024~00
-.8356-01 =.3624=00
.0000 «0000
.0000 0000
0000 +0000
21l




X( 2)-T0-C( 1) NUMERATOR
ROOT LOCUS GAINs v1152+02
BODE GAIN = 02197+03

ROOYS
REAL IMAGINARY
PARY PARY
' 7696=06 » 0000
'09177?01 0000
=-,2010¢01 «000C
~.3622-00 11236400
*,3622-00 01236400
-,8173-04 1451500
=,0173-04 -,4515+00
+6822+-00 » 0000
+0000 v 0000
«0000 + 0000

X¢{ 33=T0=C{ 1) NUMERATOR
ROOT LOCUS GAINs -,8468-00
BODE GAIN = «6502+03

ROOTS

REAL IMAGINARY

PART PART
-,7557-01 «3741=-00
-07557'01 '03741'00

-,2597-00 « 03000

=,1233+401 v 0000

~,1022+02 v 0000
01342+01 0 5965+01
01342+01 =195965+0)

+0000 + 0000

+ 0000 « 0000

,0000 20000
22
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X( 4)-T0=C( 1) NUMERATOR
ROOT LOCUS GAINs -,4267+01

BODE GAIN = 4138402 !
ROOTS 5
REAL IMAGINARY j
PARY PARY
-, 7722-01 385100 |
-, 7722-01 . =:3851-00 ]
'.2714'01 04302'00 f
’02714'01 '04302’00 t
-, 9839401 ,0000 h
-,1918401 ,0000
-, 364800 ,0000
-, 4478=06 ,0000
-,2611-08 ,0000
0 372508 ' 20000

X{ 5)=T0-C( 1) NUMERATOR

ROOT LOCUS GAINs +1889-00
BODE GAIN = +11040-03
ROOTS
REAL IMAGINARY
PART PART .
v1876-03 1228102
v1876-03 -,2281=02
~,1042+02 0000
-.2585-00 »0000
5460401 + 0000
~.7498-01 v 3741-00
“e 7‘96-01 -037‘1-00
11132-06 «0000
=, 3992=-08 20000
v 9779-08 +0000
23




X 6)-70-C( 1) NUMERATOR
ROOT LOCUS GAINSe +3062-00
BODE GAIN = ' -,6456-0¢

ROOTS
REAL IMAGINARY
PARY PART
v1432-03 . +0000
-,9392-00 12705404
-,9392-00 =,2705404
-,8576-01 14519«00
'08576'01 'o‘,lg.oo
«,3684-00 +0000
v4689-01 ,0000
~,8149-08 +0000
558808 10000
-,6802-08 +0000

Xt $)=70=C( 2) NUMERATOR

ROOT LOCUS GAINS 01113404
BODE GAIN s 07291403

ROOY3
REAL IMAGINARY
PARY PART
~,4130-01 +4320-00
, fo‘13°'°1 '04}20-00
-,6524-00 000D
01326402 »0000
=.1075¢03 01729401
=~,1075+04 =.172940%
~,1973+01 0000
«0000 10000
+0000 . 0000
.0000 »0000

2k
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X( 2)=T0=C( 2) NUMERATOR
ROOT LOCUS GAINs =,3733+02
BODE GAIN = 1968404

ROOTS j
REAL IMAGINARY 1
PARY PART s

=,1900-00 18143+04 .
=,1900-00 =,8443~04 |
-, 6145402 20000
*,1943¢0% v0000 g
-,1099+04 10000 .
~,3808-0% 14336=00
-,3808-01 '0‘35.'00

0000 10000

+0000 +0000

»0000 +0000

X¢ 3)=T0=C¢( 2) NUMERATOR
ROOT LOCUS GAIN® =,1575402
BODE GAIN s ,5833¢03

ROOTS
REAL IMAGINARY
PART - PARY
=:1257-00 »0000
~,2184402 +0000
*,34080¢01 10000
" ®,1076401 +0000
0149001 +4210=00
+1490-01 -.4540-00
~.3602~00 «0000
»0000 +0000
+0000 +0000
»0000 .0000
25
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X( 4)=-TO=-C( 2) NUMERATOR
ROOT LOCUS GAINE= e1654401
BODE GAIN = ' 3875+02

ROOTS
REAL IMAGINARY
PART PART
-,1411-00 . 0000
-,2642+01 355700
-,2642401 -.3357<00
-.9161+00 ,0000
. 2430401 .000C
'03342'01 04352'00
-, 3842-01 '04}52-03
,6577-09 ,030¢
,0000 ,0000
X( $)=TO-C( 2) NUMERATOR 3
o
ROOT LOCUS GAIN® =.8119+03 '
'\
BODE GAIN =  .9711-04 )
ROOTS
REAL IMAGINARY
PART PART
-,4933-03 ,0000
-0‘9“"01 00000
v1444-01 ,4555=00
.1444-01 -, 45550
-,3525-00 0000
-,1214+00 0000
-,1123-01 . 0006
.6634-07 0000
. 3951-04 e 0
«1164-008 +LCLUG

26
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X( 6)=T0-C({ 2) NUMERATOR
ROOT LOCUS GAlNE « 7741402
BODFE GAIN 3 =,6054-(4

ROOTS
REAL IMAGINARY
PART PART
=.5056=03 0000
“.1970+01 . 0000
-.3806-01 «4359=-00
-,3806-03 -.4359-00
-.1985-00 +7020-0¢
-,1985-00 -,7020=01
-,1b82=-02 + 0000
+47C20-08 «N000
.0000 + 0000
«0000 .0000

NoT REPRODUCIBLE

X{ 1)-T0=C( 3) NUMERATOR
- ROOT LOCUS GAINS .4261-00
BODE GAIN = +3305+03

ROOTS
REAL IMAGINARY
PART PART
«1316-05 «0000
0 2085+02 6000
-.3440-)1 37706=02
-.3440-01 =¢3778<00
-.6037-00 ¢ 3995-00
-,6057=-00 -.3595=00
-,2606+01 6956=01
=.2086+01 °.6959-03
0020 » 0000
0000 «0000
27




X{ 2)=-TC=C( 3) NUMERATOR
ROOT LOCUS GAINS =~,1242+02
BODE GAIN = ,4852+403

ROOTS
REAL IMAGINARY
PART PART
» 321306 ,0000
-,8022+02 .0000
-,1578+0% +0000
-,8716-00 »0000
~,1967-00 2734701
‘01967'00 '.,3‘7-01
v5821-02 v4042-00
«50821-02 -,4042~00
.0000 »0000
» 0000 »0000

X{ 3)=-T0=C( 3) NUMERATOR
ROOY LOCUS GAIN®s  ,3597+402
BODE GAIN = ~,1297+04

ROOTS
.REAL IMAGINARY
PART PART

-09549.01 0357"00
-,9549-01 -,3574-00
=,1680-00 +1078+00
-.1680+00 -,1078+00
-, 9855+01 14086+0N1
-,9855+01 -,4086+01

-,1182+401 ,0000

+0000 »0000

.0000 .0000C

. 0000 +0000

28
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DAY

X( 4)=T0-C( 3) NUMERATOR
ROOT LOCUS GAINs 01150-014
BODE GAIN & ,1361+02

ROOTS
REAL IMAGINARY
! PARY PARY
*,1314-00 v0000
2 7179403 . 0000
-,3865-00 16296+00
-,3865-00 -,6296°00
'03014f01 »0000
-, 754902 393900
-,7549-02 =,3939«00
-,9960-07 +0000
»0000 +0000
»0000 v0000

' X{ $)=TO~C( 3) NUMERATOR
ROOT LOCUS GAIN®  ,1327402
BODE GAIN = ,3548-04

ROOTS

REAL IMAGINARY
PARY PARY
' 3858-06 ,0000
-, 9573-0% +35083-00
-.9573-01% -,3583=-00
-,1687-00 01065400
-,1687-00 -+,1065%:>00
e1279-01 +0000
~,6880-04 , 0000
-,4657=09 «0000
29
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Xt 6)=TO=C( 3) NUMERATOR

ROOT LOCUS GAINs ' 344002
BODE GAIN = =,2127-04
ROOTS
REAL IMAGINARY
"PARY PART
'02268'03 00000 g
=,4199¢0} +0000
-.2117-00 +4451=03
~.2117~00 ~,4451=01 .
0 5897-02 v4089~00
'5897-02 -.4089=00
-,5916-02 « 0000
oOOOO 00000
0000 +000Q0
«0000 » 0000

s

X 2)=T0=-C( 4) NUHERATOR

ROOT LOCUS GAIN® 1118901
BODE GAIN = =,2437¢03
ROOTS .
REAL IMAGINARY
PART PART
-,7443-03 ¢ 3883=00
-,7443=-0) -.3883=-0n
=,1586-01 «4303=-00
'01566-01 '.4)03'00
-.8637+01 +1000+01
-,8637+01 -,1000+01
“.1904+01 0000
.0000 0000
.0000 0000
» 0000 .C0O00
30
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X¢ 2)-T0=C( 4) NUMERATOR

ROOT LOCUS GAIN®s =.1660402

BODE GAIN 3 ~-,9462+02

ROOTS

REAL
PARY
-,2082-06
-,1130¢02
~.1896+01
~,1621-00
-,3990-00
-,5886~-01
-,5886-01
1 4420-00
90000
»0000

- IMAGINARY
‘ PART
+0000
+0000
'+0000
+0000
+0000
~+4312-00
fg"iZ'oo
+0000
“+0000
+0000

X( 3)=T0-C( 4) NUMERATOR

ROOT LOCUS GAINs

‘!27;3201

BODE GAIN = =,1704+03

ROOTS

REAL
PART
=,1159+00
v1409+03
-06170'01
'061,8-01
“e3350+02
-.1592+01
-,1046+01
. 0000
+ 0000
.0030

IMAGINARY
" "PART
«0000
@0000
v3726-00

=+3726-00
«0000

“ 93008
»0000
.0000 -

+ 0000
40000

31
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X( 4)=T0=C{ 4) NUMERATOR
ROOT LOCUS GAIN®  ,4432401
BODE GAIN ® =,1748+02

ROOTS
REAL IMAGINARY
PARY " PARY
-,5075-08 "~ 40000
+5440-08 +0000
-,9778401 +0000
-,1903404 +0000
*,3032-04 14355=00
=,3032*0% =,4355-00
-,6536-01 +3806+00
~,6536-0% =,3806~00
*,1518-00 +0000
»0000 10000

X( 85)=T0-C( 4) NUMERATOR
ROOT LOCUS GAIN®  .3951-00
BODE GAIN & =,4397<04

ROOTS
REAL IMAGINARY
PART PART -
",7838=03 . +0000
=,1152+02 »0000
‘w,1448401 +0000
'.6114"01 03722.00
-,6114-01 =:3722-00
-,1105+00 »0000
-,1099-01 +0000
,8601-09 1713908
«8601-09 -,7139=08
-,1624-06 «0000



X{ 6)=T0-C( 4) NUMERATOR

ROOT LOCUS GAINs

1902400

BODE GAIN = «2731-04

ROOTS

REAL

PART
-, 3602~03
+2100+0%
-,1736-01
-,1368-00
~,1806+01
'06018'01

~,6018-01
~,8242-08
v 372508
.5092'08

IMAGINARY
PARY
v0000
v0000
10000
+0000
00000 ’
04;15'00

'04315'00
+0000
0000
+0000

! X{ 1)=7Y0-C( 5) NUMERATOR

ROOT LOCUS GAINe

«,2544=00

BODE GAIN s ~,1372+01

ROOTS

REAL
PARY
~,2262-06
-,9758+01
-,1923+01
~,1133+00
.01133*00
«6167-00
«2236~01
02236'01
217107
«0000

IMAGINARY
PARY

+0000
0000
0000
0326500

~,3265=00
00075
02309'00

-,2809«~00
+0000
»0000

33
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X¢ 2)=T0=C( 5) NUMERATOR
ROOT LOCUS GAIN® =.21B5-0¢
B80DE GAIN = »8635-00

ROOTS
REAL IMAGINARY
PARTY PART
+3055-05 +2000
+ 3308403 »0000
'9341+01 .000C
~,1127+00 »62528-01
»,1127+00 =-.6528-01
",4373+0% +0000
=.17914-00 12849-N0
*.1731-00 -,2049=00
»0000 »0000
0000 » 0000

X¢ 3)=TO0=C( 5) NUMERATCR
ROOT LOCUS GAIN= =-,1050+C¢2
BODE GAIN = «8973+01"

ROOTS
REAL IMAGINARY
PARY PART
-.1450-00 +5824-01
~.1450~00 =.5824-(1
-,2477-00 ND0C
-.8387-01 1 3664=-00
-,8387-01 -, 3664-01
-,90612¢01 QoccC
-.2076+01 3000
0 3632-07 0000
.0000 +0C0C

3i
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. X( 4)=T0=C( 9) NUMERATOR

ROOT LOCUS G‘l”' 047‘7':1
BODF GAIll = =,1872-00

ROOTS
REAL IMAGINARY
PART ‘PART -
-,14062-00 3894<00
~.1482-00 -, 3894200
02206'01 .3962-00
12266-01 -,3462=00
-,1010+02 .0000
*,2138+01 +0000°
-,1780-00 «0000
+0C00 «0000
.0000 - ,000R- -
,0000 58600

X¢ 5)-T0=C( 5) NUMERATOR

ROOT LOCUS GAIN® =,1170+C0
BODE GAIN s +3201-00
REAL IMAGINARY
PARY PART -
e 3678-06 0000
-.,1010+02 .0000
.00C0 «000C
«1007+401 »000C
-.8313-01 «3649=00
-05313-01 -03649-00
-.1758-00 9057=01¢
-01758-00 '.9U57'01'
,1081-08 . 0000
.7178-08 +0C0C
35
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e

Xt 6)=T0-C( 5) NUMERATOR
ROOT LOCUS GAINs -,2986-03

BODE GAIN = 0 2924-06

ROOTS

REAL

PART
16266-04
8683+0}%
~,2087=00
-.2087-00
-,5160-02
*.5160-02
-,1630-00
-,9003-08
03260“0’
'2971~08

IMAGINARY
PART
+0000
+0000
0306900
=,3069-00
01276900
'01276'00
.0000
»0000
»0000
10000

36




GROSS WEIGHT=15600,

1

LOCKMEED AMB6A HELICOPTER

SPEEDe

0,0 FT/8EC,

JUNE 10 1970

STABILITY DERIVATIVE MATRICES-

ZEITFN<<X

ZErre€x

ZEXICCNCX

THE INERTIA TENSOR

U
."‘72.01
=,1286001
=¢3452¢04
=, 8041402

14749403
»,66350¢04

v por
'.’0:2'0’
..”.’.o‘

v4904=02

..‘33'02

07970-02
-,1131-02

ct 1)
=,4503¢03
®, 2294403
*,4144¢06

129908004
*,41939¢08
12881406

v
11497402
-, 2319402
o’.22'°1
®,4463003
-,0200402
13449403

vV DOY
-,160%-03
0706104
1142002
«8390~02
01109-08

*:4099-03

c¢ 2)
=,5280¢04
01260408
010”003
10926406
2787406
'.1050005

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEWICLE REFERENCE

J
.’99‘.00

v
~,0000

TRIMMED ITERATION COLUMN VECTNR, TE~

STABILITY AX!S SYSTEM EULER ANGLES=
' INERTIAL SPEEDs

AfRC

12381-00

+5286-03

MOSTAB-B DERIVATIVES

HeNDTs 0,0 FT/SEC, CAMMA®s 0,0 "%G.
SEA LEVEL, DYNAMIC TIP LOSS (YES)

W P 0 R
°,1463¢401 ~-,5297¢3) 1477004 ~,30821¢0%
®,2910=00 ~,1461¢04 ~,498000) 3697003
v, 14196403 11114403 ~,6026402 11113404
“ 1195760 ~,0668¢08 1099405 ,2073¢04
", 9942008 «~,9807¢04 <,0786003 ,2043004
°,7923¢04 15149603 =,3545¢04 -,1261¢09

% DOT P DOT 0 DOY R DOY
*,1960-01 <~,2309¢D02 <~,2100004 ,4496-00
»,7837«02 12104004 ~,2317402 <=,4429-04

1967=02 1 7802=00 1 3748=00 1 5003-04
,80830-02 12963404 «,1429404 «,6244402
0317200 11430004 2087604 ,27990402
1244802 ~,7958402 ,3245402 9843404
cC 3 Ct( &) ¢t %)
1958608 <,08316604 =,4335¢04¢
052."0‘ 0’!”’0‘ ) 1!.'02
*,4093403 »,6380004 . 8758402
2757006 12273604 =,3008¢03
*, 6920006 .-,6124¢04¢ + 3000404
»,750040¢ ~,2007¢06 14578401
1152605  ,0000 9126403
»0000 +3000+03 +0000
19126403 0000 +54008409
AXES~-
W P 0 R
209804 -,0000 +0000 *,0000
»,4719=02 0173500 ,2094=01 ~,6410-02
THETASs ,1950«0% PH] «.6409~0%

+1000+01
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DENOMINATOR CHARACTERISTIC

ROOTS
REAL IMAGINARY
PART PART
-,2348-00 + 0000
'020‘7'00 « 0000
v 53452-01 +4150=00
' 3452-01 -,4150=00
-,1825-01 v 3937=00
-,1825-014 . 3937=00
-,1001+02 .0000
'02010‘01 00000
'2177-07 » 0000
,0000 » 0000
,0000 +0000
NUMERATORS

(NOTE= NUMERATOR ROOTS LESS THAN 1,0E=«7 TIMES THE
LARGEST NUMERATOR ROOT ARE NOT INCLUDED IN THE BODE GAIN),

Xt 4)=T0-C( 1) NUMERATOR
ROOT LOCUE GAINs 29044-00
BODE GAIN = «,4880+03

ROOTS
REAL IMAGINARY
PART PARY
«,2241+00 - ,0000
-,9363-02 ,4055=~00
~,9363-02 -,4055=00
-,9924+014 . 7000
-, 4648401 ,0000
21047404 . 2676401
1047401} -,26764+01
, 0000 ,°000
,0000 , 00C0
.0000 0000

38
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X{ 2)«T0=C( 1) NUMERATOR
ROOT LOCUS GAINs  ,4551-00

BODE GAIN = ,1912+03

ROOTS
REAL IMAGINARY
PART PARY
01091 -06 v0000
«,244R8-00 10000
1 5471-02 14507«00
5471~02 -, 4507=00
-,4956401 +4518¢01
-, 4956404 =, 4518404
», 3728404 0000
v1312¢01 0000
,0000 0000
00060 »0000

X{ 3)«T0~C( 1) NUMERATOR
ROOT LOCUS GAINs  ,2299403
BODE GAIN = ,;e4oa¢03

ROOTS .
REAL IMAGINARY
PART PART

«,1337=00 10000
-,1001+02 0000 -
~,2012+01 0000
-,1971-01 1 3929=09
=-,1974~0¢ -, 3029=00
.3304-01 415900
33C4-01 -,4159-00
0000 0000
0000 0000
«0000 0000
39
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X( 4)=70=C( 1) NUMEFATN®
ROOY LOCUS GAINs v2376-C0
BODE GAIN 8 »,5731-04

ROOTS
REAL IMAGINARY
PARY | PARY
0142103 000D
4294401 0005
«8923-02 +4511-C0
.8923-02 -,4511-37
=,3070¢01 »0000
-,2394-00 »0000 .
«,6886+01 »2000 \©
.2774+07 +7000 o
.9740-08 +0000 Q°
11872-08 10000 &
W

X{ 5)eT0=CC 1) NUMERATOR
ROOT LOCUS GAINs  ,3390-00
BODE GAIN = «»,48734+014

_ROOTS
PARY PART
-,4008-00 1070
-,2903=00 , NQno
-,8566~-02 4067=C0
-,8566=02 =,42h=0"
-,9617+01 Rari
,8486-00 242460
,8486-00 -,26836=0)
-,9504~0v W C3D
,00090 WNENJ
. 00200 » 200e

Lo



X{ 6)=TN=C( 1) VUMERATQR

ROOT LNCUS GAINs -,5248¢01
BODE GAIN s v2919+02
ROOTS
REAL IMAGINARY
PARY PARY
-,1086-01 409000
-,1086-01 '04090'00
14852=01 405400
,4852=014 '.4054-00
-,9998¢01 N000
'02014"01 20000
-,2578=00 + 3000
0000 02030
0000 + 7000
0000 . 0000

X( 4)=T0=C( 2) NUMERAYOR

ROOT LOCUS GAINs 01474402
BODE GAIN 3 <«,1017404
ROOTS
REAL IMAGINARY
PART PART
,16834=07 0000
-0111"02 0:000
-.1222¢01 v 2612401
'o122?‘01 -,2612+01%
01008‘00 04432'00
11008‘00 ".4432-00
-,4162-00 » 0000
-,2256=00 »0000
, 0000 7000
, 0000 » 0000
L1

.-.u\'.'*—- -“

#




X( 2)»T0O=C( 2) NUMERATOR
ROOT LOCUS GAINs = ,4041¢02
BODE GAIN = ,1916+04

ROOTS
REAL IMAGINARY
PARY PARY
+4600-08 »0000
19657=07 " + 0000
-,18504014 07672404
=,10850+014 =,7672+04
«3831-01 +4082~00
1383401 -,40082=00
"02110*01 0000
”02360'00 11408=014
-,2360-00 »,1408«01
-,2098-07 » 0000

X{ 3)=T0=C( 2) NUMERATOR
ROOT LOCUS GAINs =,3616-00

BODE GAIN = +5304403
ROOTS
REAL ‘IMAGINARY
PARY PART
»0000 » 0000
'.‘505.07 .oooo
-, 5735402 +0000
-,9202+01 +0000
~,1715+01 +0000
=,41365-00 480100
~,1365-00 ~,4801»00
' 4587~04 + 408900
14587-01 -,4089=00
.0000 0000

L2
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g
X( 4)aTO=C( 2) NUMERATOR :
ROOT LOCUS GAINs =,7976402 l
BODE GAIN s «,1011w03 ]
i
ROOTS 3
REAL IMAGINARY
PARY PART
0174806 10000
~,2072¢014 00000
-=,2310=00 1742702
-,2310=00 =,74127+02
»,3150-04 »0000
' 302404 14085200
03'2"01 '0‘0.5'00
1 5622=04 0000
+6054=08 . 0000
, 0000 10000

X( $)aTO=C( 2) NUMERATOR

ROOT LOCUS GAINs

-,8286401

BODE GAIN s +,3303¢04¢

ROOTS
REAL IMAG INARY
PARY PART
-,2555-00 »0000 -
12754=00 » 0000
' 7938=04 1443400)
v 7938=01 ~,4414«00
»,5165+01 +0000
-,3124-00 12306-00
'0332"00 =,2106=00
11863=08 +0000
, 0000 0000
»0000 + 0000

43




X( 6)nT0-C( 2) NUMERATOR

ROOT LOCUS GAINs

01784404

BODE GAIN = v5147+02

ROOTS

REAL

PART
»,6672~08
«,1793+014
-,2483=00
13999003
C e —.03999=01
w,1042¢04

»,1812+01
11618401
0009
» 0000

IMAGINARY
PART
«NO000
+ 0000
+0000

04065'00

»,4085=00

'1708*011
~,1708401

0000
«0000
10000

X( 1)=T0-C( 3) NUMERATOR

ROOY LOCUS GAINs

.03003‘02

BODE GAIN = ,1391404

ROOTS

REAL
PART
~.1913-00
-,2312-00
'0347‘.01
-03474'01
'09847*01
-.2330-00
-,2380-00
-,4221-13
. 0000
«000¢C

IMAGINARY
PART
+NO0O
000
04021'03

=.4021=00

«700C
«3618+01

~.3613+01

+N000
»N00C
» OCCO

CH I



HePe

Al

X( 2)eT0=CC 3) NUMERATO®R
ROOT LOCUS GAINS =,1171402

el ol o5

'BODE GAIN & ,4227-02 3
ROOTS i
REAL IMAG INARY :
PART PART
.1140-04 .0000
-:1511¢01 «1050402
-, 1511401 -, 1530402
.4874~01 .3398:00 g
?
487401 ~,3396-00
-,1113+01 +0000
=42357=00 1152001
-.2357-00 -,1528+01
-.1878=38 +0000
.0000 +0000

X{ 3)=TO~C( 3) NUMERATOR
ROOT LOCUS GAIN=  ,9235-00
BODE GAIN 3= ,1643402

ROOTS

REAL IMAGINARY

PARY PART

«5696~01 . 0000
'01019*02 02209*01
-,1019+02 '92299*01
-,7313-01 «4063=00
-,7313=-01 ~.4063=00
4636-00 14711=00
»4636=-00 -,4711=00

, 0000 » 1000

.0000 + 0000

,0000 « 0000
L5
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X( 4)=oT0=C( 3) NUMERATOR

ROOT LOCUS GAINs

“.3459002

BOCE GAIN 8 - =,1746~04

ROOTS

REAL
PARY
»,1218-06
-, 1319+01
-,2306-00
«,2306-00
..’359'01
522201

«95222-01°

, 464404
01723'07
»0000

IMAGINARY
PARY

+0000
0000
«7493=02

'.7‘93'02
»0000
.3‘2‘“00

"3424.00
+0000
+0000
0000

Xt 8)«T0=C( 3) NUMERATOR

ROOT LOCUS GAINs

1368402

B00E GAIN s ~,56808-00

ROQTS _

REAL
PARY
1 295%-01
02955’01
'02370'00
”02370'00
'011‘1*02
-,3392~01
-,3392-01
v1627-08
’03765’09
,0000

‘IMAGINARY

PART
1954404
'09544.01
1244701
-02447'01
.NO00
04079'00
-.4079=00
0000
»0000
+£000

L6




' i.i.....‘.‘ﬂﬁlllﬂn@nmnnmmnn—m-m

X( 6)=TO=C( 3) NUMERATOR
ROOT LOCUS GAINs »7663=-00

BODE GAIN = ~,3401-05

ROOTS
REAL IMAGINARY
PARY PARY
-,6301-08 2000
-,3837-06 « 0000
'03799*01 00000
~,2510=00 +N000
' 5794-01 ¢ 3188200
«5794-01 =+3188-00
03139401 0000 '
-,5245-00 18262-00
-,5245-00 -,8262-00
10000 v0000

X( 1)=T0=C( 4) NUMERATOR
ROOT LOCUS GAINs 16276-01

BODE GAIN = ,3906403

ROOTS
REAL IMAGINARY
PART PART
«5937-09 . 0000
-,2384402 0000
=.8792+01 ,0000
'01749‘01 + 2000
-,2263=00 »N000
01238402 .0000
»7058-04 +3972-00
«7C58=04 -,3972<00
.0000 . 0000
+C000 0000
W7

rom VI




X( 2)=70-C( 4) NUMERAYOR

ROOY LOCUS GAINE =, ,31914¢"?2
BODE GAIN 8 =,1576+03

ROOTS
RE AL IMAGINARY
PARY PARY
«.1940-07 0000
'0’623‘01 2000
~,2030¢01 0000
-07729'00 00000
'02‘13'00 ,000C
1444=01 820707
1144403 -,4207=0C
«3317-00 .000C
e3381~13 0000
.0000 o N0CC

X( 3)=TO-CC 4} NUMERATOR
ROOT LOCUS GAINs  ,1270-0%
BODE CAIN = «,27454C3

ROOTS
REAL JMAGINZRY
PARY PARY
-,1306-01 »4040-00
-.1306-01 -,4040-00
»38626-01 1427500
«3826-01 -,4279=0"7
-,9195¢03 «N000
-,1002+02 2000
'02002‘01 » COOC
O‘OC1-°7 o TCOC
-,1749-09 NOCC
,0007° .POUCC

48




X( 4)«70=C( 4) “UMERATN?

ROOT LOCUS GAINE «,86631=-00
BODE GA!“ 8 0531"0‘
ROOTS
REAL IMAGINARY
PARY PART
-,3685-08 « 0000
12816401 «N02C
-,2373=00 o 0000
-,31213¢00 v N0CC
5606-p4¢ 0000
~,1966+0%¢ » 0000
1461-C1 14225«00
+1461-03 -,4225=00
v2137=07 0000
14191-08 «C000

X( 5)=T0-C( 4) NUMERATOR

ROOT LOCUS GAINs «100R«CO
B80DE GAIN = 1736401
ROOTS
REAL IMAGINERY
PARY PART
-.2562-00 »N000
'01654.02 .3000 )
-,1044401 0223700
~,1044401 -,2237=00
+1005-02 v 3978=00
+1005~02 ~,397b=0C
05072'00 +NCOC
. 5472-07 000
01079’07 ."000
.0C0° «200¢C

49
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X( 6)wT0-C{ 4) NUMERATOR
ROOT LOCUS GAINs . 5122+01
BODE GAIN 3 =,2706402

ROOTS
REAL IMAGINARY
PARY PARY
~,244%-02 ' 4028=00
-,2445%-02 -,4028«00
04942-01 04103.00
,4942=04 -,4103=00
-, 996501 , 0000
-,2010001 3000
-,2478-00 . 000C
*,1997=00 » 0000
.1“3'00 0000
’ .0000 00000

X( 1)=T0=C( 5). NUMERATOR
ROOT LOCUS GAINs 18946001
BODE GAIN s =,7967¢01

ROOTS
REAL ‘IMAGINARY
PARY PART
v,9811~08 0000
-,1000+02 »0000
=.1714+01 +0000
~,2141-00 »00090
-,2452-00 +000C
-,2298~01 +4058<00
-,2298-01 -,4058=00
-.1559-00 »0000
-,0265-12 0000
+0000 0000

50
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TRUTTPI & VT T

X( 2)»T0~C( 5) NUMERATOR
ROOT LOCUS GAINS  ,388R-N2 1

BODE GAIN s +9842-00

ROOTS
REAL IMAGINARY
PART PARY
-,2344-07 0000
6269¢01 2337402
10269401 -, 2337422
2800401 0000
-,1886-00 1239400
-,1886-00 -,2394«00
-,2418-00 +0000
-,1794-00 20000
' 7477=09 + 0000
0000

+0000

X( 3)=T0-C( 5) NUMERATOR
ROOT LOCUS GAINs «,1807-00
BODE GAIN s ,1385+01%

ROOTS
REAL IMAGINARY
PART PARY
-,1830-00 , 0000
«,9998+01 +0000
-,2647401 00000
-, 4157-04 «4903«00
-,41%7-01 ~,4903=00
-,7550~-01 1405500
-,75%0-01 -,4055«00
-,1019-10 » 0000
-,5087-07 , 0000
,0000 +0CCO

51
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Xt 4)eY0=-C( 3)

NUMERATOR

ROOY LOCLS GalNz 4897713
BODE GAlM = =,6060-(7
ROOYS
REAL IMAGINARY
PARY PARY
06062-0‘ .0000
. 3180401 v 3000
-,1366-00 + 2090
-,2447-00 c 144670
-,2447-00 =, 1446=(0
«,2404-00 000
‘=,6283+01 0000
03.92.09 0?122'CF
e 3492-09 -.212¢~0t
-,7519-08 »CO0CC
™

A )

Xt S)=¥0=C( 5) NUMERATOR

ROOT LOCUS GAINs ~,7686-01
BO0DEC GAIN = ~,1986~02
_ROOTS
REAL {i48G) oy
PARY PL=~
-,7053=02 Malilge
-,1046¢02 sMCCT
-,2313-00 . "CCC
-,20088-0C » 330C
.1145¢01 " 37C
-02335-01 o‘CbZ’LC
-02305’01 '.4552°0O
.6352-08 «"CCC
'.1964’03 .TDUC
. 0000 .T2C0C

22



iﬁi..........ﬂ.nnnnm-—. B e . /a0

X( 8)eT0=C( 5) NUMERATOR
ROOT LOCUS GAINs ~,1009-02
BODE GAIN = +3095-04

ROOTS
REAL IMAGINARY ;
PARY PARYT 8
,2501=07 .0000 |
-,8002-07 «N000 '
8131403 «0000
0 2191+01 0000
~,1390-00 +0000
-,2684=00 0000
-,4505+01 » 0000
-.1897-00 14802=00
'01597'00 ’.4802.00
. 0000 » 0000
53
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LOCKHEED AH36A HEL!CO#TER JUNE 3G 1970  ™~0STAB-B DERIVATIVES

CASE & SPEEDs 33,5 FT/S8EC, H-NOTs 0,C FT/SEC, GAMMAs 0,0 DEG.
GROSS WEIGHTe1%600, SEA LEVEL, DYN/MIC TIP LOSS (YES)
STABILITY DERIVATIVE MATRICES=
] Vv W F ] R
X =¢3264402 ,1739401 ~.4546401 =-.45%8%¢n3  ,15590404 =-,3215¢02
Y 3881401 ~=,2999402 ~,9127-00 =~,15514p4 <=,4307+03 ,5097¢03
2 ~.1103603 ~,1016¢01 «,1742+403 ,209%¢02 .7470402 .9901¢03
L =¢0124002 «,413003 =,5713¢01 ~,8602405 ,100940% ,1204+04
M 3872603 =,7477402 =,1040403 <~.9465%¢04 ~,91n4¢05 ,2396404
N =.2094003  ,3463¢03 ~,8263¢02 =.3901402 =,14n8¢04 =,1651¢09%
v poT vV porY w 00T P DOY 0 noY R DOT
X '0’72“'03 01‘32’03 '05680'01 ‘02“7“02 'ot2"‘01 03505'00
Y 0408-03 012083=-04 . 5788=01 01329001 -,2486402 <=,331%«0%
2 2364°03 ~,1179=02 ,1660-01 ,5917¢c1  ,1027¢01 ~,1032-0%
L 037904  ,2949-02 ,4202¢01 2974404 ~,9417¢04 <~ ,4676402
M ,2835-01 =~,4172-01 ,2251401 .1424404  ,2965404 ~,1973¢C2
N =,7220-03 ~,1583-02 ~,1460-00 -,6690402 .2634¢02 ,1003+02
c( 1) ct 2) ct 3) C( &) ct s)
X *,1371604 =~,5469604  ,1833405 -,2170403 ~,6624404
i Y *,7109603  ,1885¢085 5495404 ,820%¢04 .62%4e03
! 2 =,1050006 ,1296404  ,4231+04 ,1331¢02 ,1000¢03
! L =1500005 6904406 ,2748406 ,3285¢04 ~,1414¢04
, M ,0324¢0% ,2762¢06 =,6927406 ~,4N21¢04 ,5690¢04
! N (2000006 =,2114005 ©,41084004 -,2494406 =~,2227402
$
; THE INERTIA TENSOR
11181405 D000 «679040)
,0000 .5000+0% .0000
6790403  ,0000 +54994n5

‘e airea 5 -

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEWICLE REFERENCE AXES~-
v \ W P 0 R
+3380¢02 ~,0000 .5276-00 =-,0000 .0000 *,C000
TRIMMED ITERATION COLUMN VECTOR, TE-
12184-00 ~-,2581-02 +1298=01 +1401-C0 115%9-01 =,5144-01

STABILITY AX]S SYSTEM EULER ANGLES~

AIRCRAFT INERTIAL SPEED®

+ 3380402

54

THETAs ,2442-05 PHI «»,5143<01
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DENOMINAYOR CHA~LCTERISTIC

RNOTS
REAL 142G INARY
PARY PALRY
~e1106405 . 0000
“0’930‘01 20000
-,202140¢ 0000
*1151¢400 5842+00
°¢1151*OO. '058‘2'09
.9‘55'02 .3617'00
.9;55-02 ~.3617-0"
~,3995-p0 0000 t
.0000 ."000 00“°V3\
0000 0000 ¢o®
.0007 7000 wol
0009 ,£060
NUMERATORS

(NOTE«= NUMERATOR RQOTS LESS THaN 4,0Ee? TIMES TWE

LARGEST NUMERATOR ROOT aARE MOT INCLUDED IN THE BODE GAl“),

X( 1)=T0=-C( 1) NUMERATOR
ROOY LOCUS GAINs 126724014
BODE GAIN = ~=,6672+03

ROOTS
REAL JMAGIMARY |
PARY PARY
0 4215=07 .3000
~,8022=0( «"C00
-,1934-0C 000
-0 1467-0C /5547200
-,1467-5C -,5047=C2
-,9918+01 «20CC
,8122=00 6925401
0 6122-5¢ ~,4925¢01
,0007 «200C
000N o NOCC
55
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X0 2)e70-C( 1) NUMERATOR
ROOT LOCUS GAIN®  ,1604401
BODE GAIN = ,14147+03

ROOTS
REAL IMAGINARY
PART PART
11826-07 +0000
-,08742¢402 - 0000
=,1433+02 0000
«,1950¢01 0000
=,4540-00 «0000
v1864-01 v 3996-00
11864-01 *,3996-00
1 2582~01 0000
.12065=07 »0000
10000 +0000

X( 3)=T0=C( 1) NUMERATOR
ROOT LOCUS GAINs 121084403
BODE GAIN = ~-,2261¢02

ROOTS
REAL IMAGINARY
PARY PART
-,5956-02 «0000
-,9963+01 »0000
=,1803+01 +0000
~,1121+00 »5859«00
-, 1121400 -,5859=00
~,8790-02 «3345-00
-,8790-02 ~+3345-00
0000 0000
0000 0000
0000 ' 0000

56
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X( 4)aTO=C( 1) NUMERATOR

ROOT LOCUS GAINs  ,2633404
BODE GAIN = ~.658904 ,
ROOTS i
REAL IMAGINARY 3
PART PART §

,1030-08 ,0000
-, 1474404 16957200 g
., 1474401 -,6957=00 !

~, 485400 ,0000
12364-08 ,0000 i

, 2036401 ,0000

01653'01 0‘0’1'00 _
01653'0: '04071'00 4

,0000 ,0000

"1287-07 ,0000
X( 8)=T0~C( 1) NUMERATOR !
ROOT LOCUS GAINs «,1677¢01 b

BODE GAIN = =,1386+01

ROOTS

REAL IMAGINARY

PARY PARY
-,1732=-00 12243«00
’01732'00 '02243'00

~,1084+02 0000
-,1861-00 +9525=00
-,1861-00 -,552%«00

’06204‘00 v12000

01850'00 »0000

» 0002 »N000

» 0000 +0000

»0009 «0009
57
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X( 6)=Y0=C( 1) NUMERATOR
ROOT LOCUS GAINa ~,456N0+01
BODE GAIN = +2692+02

ROOTS
REAL IMAGINARY
PARY PART
-, 9706-08 0000
-,9847+01 0000
»,20364014 «0000
-,3319-04 03960=«00
-,3319-01 *,3960=-00
+4901-04 '4027=03
14901-0% -,4027=0C
-,4667-00 +0000
» 0000 +0000
+0000 +0000

X({ $)ePO=C( 2) NUMERATOR
RO0T LOCUS GAINs  ,1933+402
BODE GAIN s «,1021404

ROOTS
RE‘L IMAGIN/RY
PART PARY
219707 2000
-,1009+02 .N000
~,1219401 1 2760+01
-,1219401 -,27604+01
-,4190-02 1956H4=00
-,4190-02 ., 5664=00
-,3840-00 , 0000
-,2426-00 « 0000
0000 0000
0000 0000
58

SRR
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X( 2)eT0=C( 2) NUMERATOR
ROOT LOCUS GAINs =,387nen2
BODE GAIN = ,1943+404

ROOTS
REAL IMAGINARY
PART PARY
-,2017-06 » 0000
-,2160401 0179614014
-,2160+01 -,7961+01
«,2107+014 20000
-,4128-00 + 1000
11625~01 v 3361=00
11625-01 ~,3361=00
-,3085-00 0000
. 0000 +0000
2 8754=07 20000

X( 3)=T0=C( 2) NUMERATOR
ROOT LOCUS GAINS =,366%¢01

y
o
e, e e L

BODE GAIN = ,9324+03

ROOTS
REAL IMAGINARY
PARY PART
,2823-02 1434200
,20823-02 -,4312=-0C
=,9690-02 15924-0C
'.9690.01 .Q5924.°°
-,8147¢02 . + 0000
'05439*01 00009
-,3530-00 +N00D
02114°07 0000
»0000 0000
, 0000 »0000
53




X( 4)eT0-C( 2) NUMERATOR
ROOT LOCUS GAINs =,7961402
BODE GAIN = =,1229=03

ROOTS
REAL IMAGINARY
PARY PART
02280"05 00000
-,2085+01 10000
-,2001-00 1450800
=,2081-00 -,4508~00
1430601 ' 3672=00
v4306-01. -,3672»00
-,3972=00 «0000
-.3124'08 0000
8474708 +00CO

0000 0000

X( 3)eT0=C( 2) NUMERATOR
ROOT LOCUS GAINs »,8283+01
BODE GAIN s ~,2358640%

ROOTS
REAL IMAGINARY
PARY PARY
*,3924-00 +0000
-,2128-00 12424000
-,2128+00 =,2424=00
»2055-00 . «0C00
-,5200+01 0000
-,4778-01 +5406=00
-,4778=01 ~,5406=00
~,3893-09 0000
.0000 »0000
- +0000 .0000

A el R,



rI‘...'.......-.-.-H---------—m—-nu-n-n-mwnmmqmmﬁ
= el

X¢ 6)eT0=C( 2) NUMERATOR
ROOT LOCUS GAIN® 1490401

o

BODE GAIN = ,5023402 . H
ROOTS j
. REAL 1MAGINARY 1
| PART PART {
«1089~01 v 3705-00 1
,1089-01 -,3705=00 |
-,3954=00 0000 ;
-,2389+01 0000
-,1977+01 01564404 4
-,1977404 v,1%044601%
01635‘01 .OOOO ;
,0000 0000
,0000 +.0000
,0000 + 0000

X{ 1)=T0=C( 3) NUMERATOR
ROOY LOCUS GAINs -, 3613402
BODE GAIN = ,1773+04

ROOTS
REAL IMAGINARY
PART PART
~-,1184¢00 » 0000
-,9916+01 » 0000
'02007'00 03753*01
-,2007-00 -.3733+04
»,1113+00 «3791-00
-,1413+00 -.5791=00
-,3505-00 .0000
,0001 , 1000
'2197=07 «N000
.0000 + 2000
61




X( 2)=TN=C{ 3) WUMESATOS
ROOY LOCUS GAalhs w,121¢¢7¢
BODE GalNl 3 v 3109403
ROOYS
REAL IMAGINLRY
PARY PAR”T
-,5395-01 « 1080
-02‘00‘01 02:22‘32
-,2107¢01 -,1022¢22
e, 4294-232 ,A636eCT
-,4294~02 ., 483907
’01.07‘91 .POOC
-,2095-00 « N300
.0000 2000
.00090 . 00CC
.0000 aloels]
o't
XC 3)=T0-C( 3) NUMERATO®
ROOY LOCUS GAINs «=,91268401
BODE GAIN = ~,11744(4
ROOTS
REAL {vegl./RY
PARY Opu"
-012‘003c _.'g‘::
«5124+72 s S
-,1138¢90 ,583ze7"
'01138‘30 -, 832227
-,1093¢22 g s
-.1399-01 867077
’01399'01 -, 847"
0002 297 ¢
.000e s TGOC
.0000 o "0CC

62
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1
1
X( 4)e¥0=C( 3) “UMESATCE g
ROOY LCCLS 5AINE  =,345~407 ﬁ

80DE GuiIN\ = 32374

¥ dembatgoiin

r00TS
REAL IVLGINARY
PARY pane :
-,3389-07 , 000
.012‘9‘31 .ODGQ
’068‘3.c0 .fUDC
'.2083'30 .TQPC
v 2360-0% 000
-0717‘-01 .CiS"CG
-,7174-01 -,6154-00
236C=0°0  COCC
, 0000 »EBLED
-,4161-C¢ «0CCC

X¢C 5)eT0=C( 3) NUMERATOR
ROOY LCCUS GalNs ,1383¢02

BODE GAIN = 1680900
ROOTS Q00"
. “xy
"N“
REAL IMAGINIRY
PART PAR"Y
«,1199¢00 +R1460014
'.119@‘0? '.“1‘6~01
717301 0000
'.3‘7"55 .fQ?O
-,1131¢22 v 2000
-,11464C7 JEBCO=(2
-,114¢¢0C -,5600=0C
-, 4657-CS +"0C0
,000¢ 7000
.0CO" +00C
63




X¢( 6)eT0-C( 3) NUMERATOR

ROOT LOCUS GAINs 5634-00
BODE GAIN 3 =,1323+402.
REAL IMAGINARY
PARY PARY
-,22080-00 , 0000
-,6984-01 14544200
-,6984=01 - .4%44200
-,2643401 1175904014
'02643‘01 .01759‘01
11406401 11142400
01406401 -,1142+00
,0000 + 0000
.0000 00000 ’

.0000 »2000

X( 1)e70=C( 4) NUMERATOR
ROOT LOCUS GAINs »4905-00
BODE GAIN = ,2770403

ROOTS |
REAL IMAG INARY
PART PART

~,1026-06 «N000
'01001’02 00000
'05046‘01 00000
-,2082+0% »N000
-,3302-00 »N000

,4850+01 . +0000
-,8364=-01 + 3620-00
-,8364-01 -,3620~00

.0000 : « 0000

,0000 » 0000

64




"' . m - oyt e e izt b H

X( 2)=T0=C( 4) NUMERATOR
ROOT LOCUS GAIN® =,1694402

_ Ny L
-

BODE GAIN = «,.7497+02

e

ROOTS
REAL IMAGINARY
PART PART ;
1174801 /0000 !
=,9434+01 11660401 %
~.9434401 -.1660401 :
~.2021+01 ,0000 ]
,9171-02 +3698=00 :
19171~02 -,369800 |
-,4107-00 ,0000 i
.0000 +0000 !
.0000 10000
,0000 ,0000

X( 3)=T0=C( 4) NUMERATOR
ROOT LOCUS GAINs =,3653-01
BODE GAIN = »,20859403

ROOTS

REAL IMAGINARY

PARY PART
-,2757=01 13743=00
-,2757=01 =,3743-00
=, 9043=01 15386000
-,9043-01 -,5586=00

03116403 +0000

-,1130+402 . ,0000

-,2062+01 +0000

’01397.07 00000

,0000 +N000

.0000 .N000
65
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X( 4)=TN=(( 4) NUMERATOR
ROOY LOCUS SAINE =, 7812-CC
BODE GAIN = +2062¢02

ROOTS
RESL IMAGINARY
PARY PARY
0211.°°7 »N000
-,231640% 0000
~,1988¢014 02000
-.4163-00 0000
,0000 20000
+4107¢01 «J00¢
,8699=02 371600
.8699-02 =, 371¢€=02
-,4074-08 . 0000
'01397-07 +00CO

X¢ 3)e¥0=C( 4) NUMERATOR
ROOT LOCUS GAINs 1 5995-01

890DE CAIN s +1006401 “ﬁ‘
ROOYS
REAL IMAGINLRY
PARY PARY
-,6719-01 0 34312-00
-,6719-01 -,3412=017
-,571%-00 v8752=02
-,3715-00 =.9752=01
=,1946402 »"0C0
-,2180401 «000C
+4004-00 «N0JC
-02.‘5-06 .'OUC
.0000 « 0000
,0000 «200C



X( 6)eT0=C( 4) NUMERATC?
ROOT LOCUS GAINs 4547401
BODE GAIN & =,19534(2

ROOTS '

REAL IMAGINARY
PARY PARY
-,1390-01 +3803=00
-,1090-01 ~,3803=0¢C
01981’01 03539.00
. +1961-0% -,X839=00
-,2912¢01 D000
-,2021¢01 « 1000
-,4129=-00 .2000
-,8163-09 . N000
.0000 0000
.0000 2080

X( 1)=70=C( S) NUMERATOR
ROUT LOCUS GAINs 11366402
BODE GAIN = ~,1461402

ROOYTS
REAL IMAGINARY
PARY PARY
01713'07 +0000
-,9938+01 » 1000
~,1721+01 +0000
-,1696-00 »0000
-,9781-01% +3000
-,1048+00 +5809«00
-,1048¢900 *,5809«00
-,4455-00 +9000
. 0000 »0000
.0000 2000
67
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X( 2)e70=C( 5) NUMERATOR

ROOT LOCUS GAIN=

16426-02

BODE GAIN = =,4520-00

ROOTS

REAL
PART
-,2687-01
-,5236-01
,2027+02
,2027402

1119401

», 1119401

~,4994=00
0000

. 10000
»0C00

IMAGINARY
PARY
«0000
,0000
3440402
-,3410+02

1170404
-,1470404
+0000
»0000
»0000
»0000

X( 3)=70=C( 5) NUMERATOR

ROOT LOCUS GAINs

-,2044=00

BODE GAIN =  ,1066402

ROOTS

REAL
PARY
’ 3’03'0‘
-,3557+02
'01059.02
-,1189+00
-,1189+00
'01576”00
-,1576-00
-,1018+00
»0000
»0000

IMAGINARY
PART

+0000
0000
+0000
1586100

-,5861+00
:3629«00

'03629900
10000
»0000
10000

68
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X( 4)=70=C( S5) NUMERATOR
ROOT LOCUS GAINs ,1849-00
BODE GAIN s - ~,9114-13

ROOTS

REAL

PARY
'.3011'07
1251606
-,9461-00
-,5404-00
'0.02"01
+2362-05
-,2443-00
'02‘43'00
+1080¢01
»3073-08

IMAGINARY
PARY
10000
+0000
00000
v0000
10000
10000
'8698«00
- QG’.-OO
0000
0000

X¢ S)»TO=C( 5) NUMERATOR
ROOT LOCUS GAINs «~,1154400
BODE GAIN s «,7591«02

ROOTS

REAL
PART
~,1834-06
'01083‘02
~,3844=00
-,1187+00
~,1744~01
-,1019+00
«,1019+00
,8932~00
.32’1'0‘
«0000

S Ao

IMAGINARY
PART
»0000
+0000
0000
+0000
»0000

» 384500

-,5845%-00
+0000
0000
0000

69
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X( 6)=TO=C( 3) NUMERATOR
ROOT LOCUS GAINs =~,2226-02
80DE GAIN s +1475<00

ROOTS
REAL IMAGINARY
PART PART
-, 7976=01 » 0000
-,1337-01 14289«00
-,1537-04 -,4289=00
-,5087=-00 » 0000
-,9247¢014 v13170¢02
~,9247¢014 *01170+02
~,1651¢014 . »0000
~,5577=08 »0000
+0000 , 20000
0000 » 0000

T0




LOCKHEED ANSAA WELICOPTER JIE 10 1970 “0STAB=-H DERIVATIVES

=
st ek

CASS 7 SPEED® 67.4 FT/%EC, =="0OTs (,7 FT/SEC. GaMMas (0,0 OFG.
GROSS Wk JGHTs15600, SE: LEVEL. DYA-NIC TIP LOS% (YES) F q
STARILITY DENIVATIVF MsTRI(CTSe )
U Ay \ P A P _t
X =.5455+01 1975e0) = nG74¢31 «,37694n3 1833404 2740402
Y ,2308eN1  =,401A402 =,2003¢01 =,1720404 <~,320140% ,7444+03 :
7 = 6543402 <=,316A7¢0) =,0734403 =,2952403  ,1340+402 ,9345403 v
L =o7168402 <=,35966403 =,1603¢02 =,84088en5 ,93%5404  ,1047404 s
M 4621403 =.5614¢ND -=.0420402. =,9127404 <-,9449405 3156404 1
N =,26081403  ,461%n3 =,1#36¢03  ,1617+03 ,1057404 =,22646¢05 ]
. U nor vV nnT A PovT P DOY 6 roT R PNOT I
X ©,2114=02 ,753A=N4 =, 1086405 =,2%744n2 ,3333-pn ,5528-00 §
Y  .2036=02 ,4582-04 4019400  ,4738~31 ~,28n740)2 ~,6376-02 |
2 J7034-03 ~,1261-N27  ,1063=0% 11965¢01 ,94R1-00 =,9516-02 |
. L «169€=00  ,9922-02 ,h397¢0)  ,2985+n4 =, 1a0Q¢0¢ =,5943432 1
M ,7929=01 «,4330=N1  ,4253¢01  ,1414404  ,297h404 =,2725402 |
N +,1222-C1 =,5310=N2 =,4423=00 =,1369¢n3 ,4022402 ,1123+n2 i
ct 1) ct 2) G ) C( 4) ct 5)
X =,1094¢05 =,62044N04  ,1891+05 =,2742403 =~,8825¢04
Y ~,146440d4 1779405  ,6050¢04 761204 ,30R0~02
2 =.1353400 . ,435°403 1825405  ,41790402 1757423,
L .=¢3321+05 _ ,6879408 - ,2739408  ,2047+04 ' ~,2942404"
M 11635406  (277NeNE = A933408 =,1740¢04 7722404
N 1798606 =, 3136405  ,4t61+00  =,2318406 <=,A2n5402
THE INERTIA TENSOR
«1152+05 ,0000 ,8657+n3
8657403  ,0000 5498405
TRIMMEN VELICITIES WITH RESFECT 70 "VERALL VEHICLE REFEPENCE AXES-
i v W P . e R
06779402 ~-,000" .1349401 l=,0N00 - .0Qno -,0000
TRIMMED ITERATION COLUM" VECTOR, TE=
v1670-00 =,%276202 269201 «7%12-01  .1960=01 =,3157-0%
STASILITY AXIS SYSTEM EVLER ANGLES= "THETA®s ,1285-04 - PH] =.3156-01
AJRCRAFT INERTIAL SPEEQs ,n78C+52
c\B\E
R0V
71




DENOMINATOR CHARACTERISTIC

ROOTS
REAL IMAGINARY
PART. PARY
., 7186-01 ,0000
'09.1'*01 00000
-,206640% 10000
0 3199=04 +3790+00
0349904 ~,3790«00
-,2039-00 ,8160+00
'0203"00 ' -,8160«00
-,6424-00 » 0000
,0000 +0000
,0000 , 0000
,0000 . »0000
,0000 »0000
NUMERATORS

‘(NOTEw: NUMERATOR ROOTS LESS THAN 1,0E~7 TIMES THE
LARGEST NUMERATOR ROOT ARE NOT INCLUDED IN THE BODE GAIN),

X( 1)e70-C( 1) NUMERATOR
ROOT LOCUS GAINw  ,2222¢02
BODE GAIN s =,6104403

ROOTS
REAL IMAGINARY
PART PARY
»,3463%07 » 0000
v,987440% ,.0000
-,4974~00 12221401
-,4574-00 -,2221404
-,2016°00 v 7791=00
‘02.16'00 . '077’1'00
«,6996-00 . 0000
-,1030+00 0000
,0000 .0000
,0000 , 0090

T2



X( 2)=TO~C( 1) “UMERATOR
ROOT LOCUS GAINa  ,3264401
BODE GAIN = ,7356402

ROOTS
REAL IMAGINARY
PARY PART
»,6297-08 «N000
~,06162402 0000
w,1163402 10000
v,2171401 ,N000
»,7195-00 «0000
04252'01 1‘577.00
+4252-01 -,4577-00
«8706-02 0000
.0000 0000
,0000

0000

X( 3)=T0=C( 1) NUMERATOR

ROOT LOCUS GAINs.

12380403

BODE GAIN = =.,1742403
ROOTS

A SRS

REAL
PARY
02775'07
-,4248-01
~,1761-90
-,1761-00
'01234*01
08369'01
8269=01
.0000
,0000

IMAGINARY

PART
«N000
0000
.N009
7843209

-,7843=00

0000
0‘388‘00

“04388'05

«0000
0000

73
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X( 4)eT0=C( 1) NUMERATOR
ROOT LOCUS GAINs 5032401
BODE GAIN = =,4260-16

ROOTS
REAL IMAGINARY
PARY PARY
1 3677=06 02365~06
' 3677=06 -,2365=06
-,1312+01 18794-00
-,1312+01 «,8794-00
07‘2"00 00000
03230-01. .",6.00
«3238=04 -,4736=00
13244014 0000
16192=05 » 0000
v 2692-08 + 0000

X( 5)eT0=C( 1) NUMERATOR
ROOT LOCUS GAINs =,3302401
BODE GAIN = =,5466-00

™

WJ‘."H-I il

ROOTS
REAL IMAGINARY
PARY PART
-,8214-01 01242+00
~,8214-01 ~,1212+00.
«1363-00 «N000
=,1068+02 0000
~,2464-00 816700 .
'.2‘6"00 '.8167.00
-,6658-00 » 0000
»0009 «0000°
0000 , 0000
0000 000

e R



m;——_L A T RIS W

XC 6)eT0=C( 1) NUMERATOR

ROOT LOCUS GAINS «,336740% A )
BODE GAIN = ,1731+02 g
ROOTS 5
REAL IMAGINARY "
PARY PART
., 3966=01 373900 j
'|3966-°1 '.3739.00 g
,6994-01 1450700 -
16994-01 -,4507-00 ;
-,9482¢01 «0000 . ;
-,2319¢01 0000 ﬂ
~,7262=00 0000 |
0000 »,0000 f

! 0000 ,0000

0000 «0000

X( $1)eT0=C( 2) NUMERATOR
ROOYT LOCUS GAINs  ,1752402

BODE GAIN = ~,8933403 - °n
ROOTS
REAL IMAGINARY
PART PARY
-,1676-00 v 0000
-, 8793401 0000
»,1138+01 12852401
«,1138+01 -,2852+01
-,1217+00 0778300
»,1217+00 -,7753=00
'05444'00 «N000
, 614707 + 0000
»0000 » 2000
,0000 0000
75




T

e T Ry LW o
: 1.“"’ﬂﬁ. \;,-'._.-.:{{ TTE % _IP’.A:,F_H Ly %
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X( 2)eT0=C( 2) WUMERATOR
ROOT LOCUS Galive =, 36254072
BODE GAlvY = . 2180404

ROOTS
REAL IMAGINARY
PART PARTY
»5417=-01 v 3359-00
+5417-01 ~¢3359-00
-,3%69-00 0000
-,2787+013 o 8340401
-,2788+01 -,8340+21
'01958’01 v 0000
-,8784-00 +00CO
00000 ! .0000
000N » 0000

0000 0000

X( 3)=T0=C( 2) NUMERATOR

: N o, Ad
ROOT LOCUS GA! 123A+01 “00“0\3\.?.
BODE GAIN = 4424403 yot REF
ROOTS
REAL IMAGINAKY
PART PART
, 2458 =01 ' 28RACN
«2458-01 -,?2988=-09
-,2379-00 « 000
'04181*03 0000
'05612’01 o N00C
-,1503=-00 0793103
-,1503=-0C =,7931-09
.00on ' N0NG
.000" 000
Nelalily «NOCC

76
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X( 4)eTr=C( 2) ru“E<ATO"

ROOY LOCUS GAlwns

BODE GAIN = +1589-09
ROOTS
REAL IMAGINARY
PART PART
'4636-03 JNON0
.3195'07 .OOOU
'02532"06 1000
-,2138+01 +C000
8 '02689-00 '7265'UQ
-,2686=00 =,7265«0C
5066-01 397800
0 9066-01 = 397naC"
-,586N0N=00 «N000
5967-05 «"00C

-, 7946402

X( 5)eT0=C( 2) NUMERATOR

ROOT LOCUS GAINz -,8281+01
BODE GAIN = «,1542+01
ROOTS
REAL IMLGINNERY
PART PART
-,1284-00 +1873=00
-,1284=00 -,1873=-00
«1765=00 . 0000
_=,5665=00 , P00
’ -,5205+01 «N00C
-, 1687=00 W 778307
-01682-00 -07783-0C
_ -,1863~-C8 Sl
,coor Sadds
L0003 LO0C
77
B

NOT REPRODUCIBLE




X( 6)=T0=C( 2) NUMERATOR
ROOT LOCLS GAINs 02014401
BODE GAIN = 4884402

ROOTS
REAL IMAGINARY
PART PARY .
12611-01 1383500
2611-01 - =,3835-00
-,5434-00 « 1000
-,3058+01 + 0090
-.1577+01 «1794401
~,1577+01 ~11794¢01
01582+01 0000
.000C » 0000
0000 +0000

0000 » 0000

X¢{ 1)eT0-C( 3) NUMERATOR
ROOT LOCUS GAaINas «,3697+02

BODE GAIN = 11509404

ROOTS
REAL IMAGINARY
PART " PART
-,7242-01 ,0000 ..
“ 1900‘02 00000
-,1632-00 ' 3715401
-,1632=00 -,3715+01
-.2020=00 , 902400
-,2020=-190 -,A024=00
-,5439=0 0000
,3604=N9 ,N000
-,3851-06 0000
,0000 3000
78




X( 2)eT0=C( 3) NUMERATOR
ROOT LOCUS GAINs =,1329402
BODE GAIN =  ,4730+03

ROOTS
REAL IMAGINARY.
PART PART
-,6482-01 ,0000
-,2352¢04 19392¢04
=, 2352401 -, 9392404
«2804-00 ,0384=00
0 2804-00 -,A384-00
-, 2933+01 0000
-,2714-00 10000
.0000 »0000
+0000 0000
» 0000 0000

X( 3)=TO=C( 3) NUMERATOR
ROOT LOCUS GAINs «,3778402
BODE GAIN s =~,4192403

ROOTS

REAL IMAGINARY

PART PART

'.7310-01 QCOOO
2411402 0000
-,2035-00 8064200
-»,2035-00 -, 806400

-,1060+02 0000
+10C03-01 12798=00
+1003-01 '02798'00

+ 0000 0000

+ 0000 +0000

» 0000 »0000
79
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X( 4)=70=C( 3) NUMERATOR
ROOT LOCUS GAINs

-,3444402

BODE GAIN = =,1889~18

ROOTS

REAL.
PARY
'01‘01'06
-,1013+00
0329"05
07940'05
0 1269-00
»,1146¢01
~,114640%
-,7033~01
-,7033-01

, 0000

IMAGINARY
PARY

+0000
0000
0000
0000
+0000
04080'00

-,4080~00
.0360”00

~8380=00
0000

Xt 5)sTO~C( 3) NUMERATOR

ROOT LOCUS GAINs

11370402

BODE GAIN = ,8766-01

-ROQTS

REAL
PART
-,5223-01

'05223.01

.4820"01

'01115002

~-,2062-00
~-,2062-00
'055‘7'00
'03‘92'09
, 0000
, 0000

IMAGIMNARY
PART

944402

-,9444=02
,N000
+0000

-, A0B4=(1
0000
0000
,0000
,0000

80
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X( 6)eT0=C( 3) NUMERATOR
ROOT LOCUS GAINs ,5500-00
BODE GAIN = =.2776+04

ROOTS
REAL IMAGINARY
PART PART -
=,1065+00 +N000
~.1007400 «3803=00
'01007‘00 ~,3803~00
.3933-00 +N000
-, 2431401 « 36308401
-,2431+01 -,3638401
« 3686401 - +0000
.0000 »0000
+0000 +0000
.0000 »0000

X( 1)»70=C( 4) NUMERATOR

ROOT LOCUS GAINs  ,6122-00
BODE GAIN = ,1392403
REAL IMAGINARY
PART PARY
. 486607 .0000
-, 9454401 .0000
-, 3233401 11110401
-.3233+01 -.1110+01
-,5467-00 ,0000
.3332401 .0000
-, 1097+00 +3021=-00
-.1N97400 ~,3021+00
. 0000 .N0C0
,0000 ,0000
81




X( 2)~TO=C( 4) NUMERATOR
ROOT LOCUS GAINE «,1571+02
BODE GAIN 8  =,4340402

ROOTS
REAL IMAGINARY
PARY PART
,7260°02 ,0000
~,1778402 +0000
'01011¢02 + 0000
~,2063401 »0000
+3094=01 1 3836«00
+3094=01. -,3856=00
-,6258-00 +0000
» 0000 +N000
0000 +0000

,0000 +0000

Xt 3)eTO=C( 4) NUMERATOR
ROOT LOCUS GAIN® =,3979-01
BODE GAIN = =,8489+02

ROOTS
REAL IMAGINARY
PART PARY
«5323-01 0316700
.5323-04  ~,3167-00
-,2023-00 1396300
-,2023-00 ~.3963=00
2430003 _ ,0000
~,1257402 + 0000
'03110001 « 0000
,4191~08 000N
0000 . 0000
© ,0000 +0000




X( 4)=T0=C( 4) NUMERATOR

ROOT LOCUS GAINs

’0‘,71'00

BODE GAIN s 152703

ROOTS

REAL

" PARY
01380'07
.02063.06
'03523*01
-,1977+01
. '.‘30‘.00
0‘0'0”05
14980401

»3033=-01.

«3033-04
,6898-08

IMLGINARY
PART
. 0000
»0000
00000
0000
0000
«+0000
10000
' 3867-00
~.3867«00
0000

X( 8)=T0=C( 4) NUMERATOR

ROOT LOCUS GAINs

+1360-01

BODE GAIN = ,3784«00

ROOTS

REAL
PARY
-,6766~01
,6766-01
~,9744°00
-,5744-00
-,5650402
'04467*01
+3246-00
35‘13'00
,0000
,0000

IMAGINARY
PARTY
12823000
=,2023=<00
0187600
~,1876+00
00000
»0000
10000
» 0000
+0000
0000

83

g,



X( 6)=T0-C( 4) NUMERATOR

ROOT LOCUS GAINs

4230401

BODE GAIN = «,1189+02

ROOTS

. REAL:
PARY
~,1539=-04
'01539'01
' 3594-04
.3594.01
-. 9786401
-,2061+01

-.6262-00
» 0000
» 0000
+0000

IMAGINARY
PARY

03654'00

“.3654-00
03082'00

~.3882=-00
0000
+0000

»0000
2000
1000
0000

X( $)=T0-C( 5) NUMERATOR

ROOT LOCUS GAINs=

018190402

BODE GAIN = =~,1638¢02

ROOTS

REAL
PART
4324=07
'0982“01
'01717‘01
-,7018=-00
~.1615-00
-,2005-00
'02005'00
-,6162-01
. 0000
, 0000

IMAGINARY
PARY
0000
0000
00N0
N0CO
0000
08112'00
-.RF112=-00
0000
« 7000
C000

8k




X( 2)=T0-C( 5) NUMERATOQ

ROOT LoOCUS GA!N! .8896 -C2
80DE GAIN s =,5210+01
RGOTS
REAL IMAGINARY
PARTY PARY
«,3379=04 1656704
=, 3379-01 «,6567404
-.7490'00 '9650.00 \
=,7490-00 =,9650-00
13901402 12694+02
«3904¢02 ~, 2694402
”02’25‘01 .0000
,0000 » 0000
+0000 » 0000
» 0000 +0000

X¢ 3)=T0=C( 5) NUMERATOR

ROOT LOCUS GAINs «,3615-00
BODE G£IN & ,5878+01%
ROOTS
REAL IMAGINARY
) PART PARY
~ -, 6407-01 0000
-,3970+02 . 0000
~,1084402 ,0000
-,1936=00 . 22000
-,1936=00 -.R22000
,1729-00 +2136=C0
01729'00 '02136'00
,00092 .000C
,00090 0000
,0009 ,000C
85




X( 4)«T0-C( 5) NUMERATOR
ROOT LOCUS GAINs »3728-00

BODE GAIN = =,9942¢12

ROOTS
REAL IMAGINARY
PART PART
-,1954~07 +0000
01212-04 - »0C00
«3093~05 0000
-,0138~02 0000
-,3200-00 11007401
«,3200=00 =,4007+01
-,1019404 1491100
=,1019¢04 -,4911-00
+7405+00 +0000

«,3089=07 0000

X( 3)eT0=C( 5) NUMERATOR
ROOT LOCUS GAINs -,4530-00
BODE GAIN s =,5835«03

_ROQTS
REAL IMAGINARY
PARY PARY
-,8992-03 00000
-,1108¢02 » 0000
-,7979<04 » 0000
~-,5673-00 » 0000
-,1943-00 ,A148«00
-,1943-00 -,8148=00
v1067+014 , 0000
07‘96'07 .0000
. 5904~08 » 0000
-,2900°07 + 0000



Pt

X( 6)=T0-C( 3) NUMERATOR
ROOT LOCUS GAINs =,5783-02

S

BODE GAIN s ,1784e04
ROOTS
REAL  IMAGINARY - -
PART PART
-, 0042202 »0000
=, 5832404 11031402
-,5832¢04 -»,1034002
=,0525°00. * 8609400
-,8529°00 ,0009000
-, 344801 44092000
-, 3448201 -, 4092200
,0000 +0000 |
,0000 +0000
,0000 +0000
87
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e

LOCKPFE" akHS64 HELICOFTER
SFE=DS1IN1 5 FT/SEC,

CaSF B
GROSS WEIGRTE15600,

JUNE 10 1970

STARILITY DERIVATIVE YATRIC!:Se-

ZICN<SX

Z XEOCN<X

ZITrN<SX

U
-, 40C8¢02
19695-00
=,4112¢02
-,6280¢02
12342403
-11219¢03

v DOY
053‘6'03
e, 4126~03
1 2992=04
=,3629-01
°.2538-01
1 3254~02

ct )
'03151004
-,2508¢04
-,1372¢06
-,54086¢05
1 3387¢06
1176406

THE INERTIA TENSOR

M0STaB=B DERIVATIVES

HeNCTs 0,7 FT/SEC, GAMMA= 0,0 DFG.
SEA LEVEL, QYN/AMIC TIP LOSS “C(YES) : 4 YK
v W P n R 24
18132401 =,227€¢402 -.3193403  ,1720404 -, 5088402
=.514R402 = ,2986401 ~.1691¢n4 =,29424023 19358+n3
=,600ReNy = ,3271403 -,64244p03 <~-,9839402 ,100640¢
3470903 =,20G99¢02 -.9081¢p05 8688404 ,1359403
. 446Re02 =,4852403 ~+,8254¢04 ~,98044p8 2602404
15793603 ~,2132403. ~-,6710¢02 8148604 ~=,2923405%
v pDOY % DOT P DOY @ nov R DOY
1369504 =,1624=0N =,2829402 ,5070=0N =,1068400
'1091=04 0132000 ° +5661-01 ~,2776402 .+,101%-02
*,3118%-02 ~,7980-02 =.2529+401 .17%4¢D1  .=,1316-01
+1167=0% 1124002 3003404 ..1377*04 +9935+01
=.4017-C1 6412401 ..3409¢04  ,29°1404. ,4532+401
11138202 =,5740-00 =,11644¢p3 ,1213¢52 ° ,8008+01
c¢ 2) c( 3) C( 4) ct %)
=,0042+04 v46C3405 ~,3648403 =-,1225408
1694405  ,6000*06 - ,92B6404 ,3642+02
-, 4942403 ,3567+05 ,1968402 ~.5476:02
6866406 2696406 ,8080404 ~,7352404
2770606 =, 7256406 <-,6137403 ,1048405
=,2227405  ,2886+03 -,2828+06 ,10R9492
0115040% =,3502-07 ~,1438403
'.3502'07 .5060*05 '01308'09
“,31430403 =, ,1308=-09 v 5%00+nS

TRIMMED VELOCITIES WITH RESPECT TO NVERALL VEH]CLE REFEREMCE

)
+1015¢03

v
'09231'10

v
..3356-00

TRIMMED ITERATION COLUMN VECTONR, TE-

+1781-C0

=, 6380-02

+3553=(1

STARILITY AXIS SYSTEM EULFR ANGLES~

AJRCRAFT INERTIAL SPEECS

«1015+02

THETAS

P
'OOCOO

14949=01

NOT REPRODUCIBLE

'3711-06

n
+00Nn0

'.3305~02

AXES-

R
=,0000

=12485-01

PH] =,2485-01%



OENOMINATOR CHARACTERISTIC

ROOTS

REAL
PART

-,5207-04
-,1054+02
-,9338~00
-, 3657=04
'03.57'01
-,2812-00
b 2812.00
-, 1883401

.0003
.G000
.0000
.o0on

NUMERATORS
(NOTE» NUMERATOR ROOTS LESS TWaN 1,0E=7 TIMES THE
LARGEST NUMERATOR ROQOT ARE %OY INCLUCRD IN T4 -BODE GAIM),

IMAGINARY
PARTY
0000
0000
0000
12508000

-,2%80-00

11060404

-,4060401

»0000
0000
y0000
.n000
.0000

NOT REPRODUCIBLE

A ]

X( 1)eT0=C( 1) NUMERATOWM

ROOT LOCUS GAINs  ,5938+01
BODE GAIN 3 =,1872+04 TAR3
ROOTS ;
REAL IMAGINARY
PART PARY
,1984=08 0000
-, 7678-00 0080
-,5997=01 0000
-,3016-00 11040401
«,3016=00 -,106040%
-,1076402 0000
2243403 06133‘01
,2243+014 -,6133+01
.3107-08 2000
.0000 16000
89




PR P

e

X( 2)=T0=C( 1) MUMERATOR

ROOT LOCUS GAINs 581103
BODE GAIN = 010846403

ROOTS

REAL, IMAGINARY

PART PART

-,9869-07 +0000

'02’5“02 00000

. #,1942¢02 + 0000

‘.27‘5‘01 .UOCO

= LE
not REPRODUCI

-,6814~00 0000
.6320=02 ,4341-00
+6320-02 ~,414100

0172"01 0000

»0000 +0000

,0000 «N000

Xt 3)=TO~C( 1) NUMERATOR

ROOT LOCUS GAINs v 2831+03
BODE GAIN = =~,13494(03
ROOTS
REAL IMAGINARY
PART PART
-,3250-07 ,N0060.
-,1062+02 1000
-,2909=00 1025401
..2909'00 ’01025+Ui
'0390"00 000
»4104-00 276600
«4104-00 -,2766=01
-, 3249-01 0000
'04018'08 00000
. 0000 0000

90
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X( 4)eTO=C( 1) NUM@RATOR

ROOT LOGUS GAINE 7654401
BODE GAIM = =,5155407
ROOYS
REAL 1845 INARY
PARY PART
-,2029-07 ."OCO -
0 9336=07 0000
"06343.00 .00“0
v2887-02 5260
0?087'02 "0.5268.'00
-,118%+01 0121940
=,1185+01 -,41215¢01
+1005+01 .00CC
. 0000 W nooc
0000 000
X( 5)«T0=-C( 1) NUMERATOR
ROOT LOCUS GAIN= «~,692R+C1
BODE GAIN 3 «,4074=00
ROOTS
REAL IMAGIMARY
PART PART
-,7726~08 0000
-,1118402 . 0000
-,2951-00 1057401
-,2951-00 ~+1057+01
v 3695-01 1000
-, 8103-00 OB
'08839-01 0‘0‘7.01
- EP39=01 -, 404701
.00067 L0006
006N 1626
91




LA R ST tusos——

R T I I Y TR e L i ———

AT RN, WL SSO M T 7 {277 S

Xt A)=TO=C( 1) NUMERLTO®

ROOT LoCcLS SalMs

'.2139¢3f

BOCE GAIN = 11639402

ROOCTS

REAL
PARY
'01292.00
-,1292=-00
01358’00
01356.00
-,1048+02
'03100‘01
-,6735=00
.C000
. 0000
, 0000

IMAGINARY
- PART
«3906=00

-,3508=C0C
1 3795=00

-, 179500
«0000
.30C0
NCOC
000
N00C
» 1390

X( 1)=T0=C( 2) NUMERATYC?

ROOT LOCUS GAINs

0171002

BODE GAIN s ~-,1518+04

ROOTS

REAL
PART
-,6910=07
-,5853-00
-,9773-01
.-.9043¢°1
-,1127+01
<,1127+0%
'02343'00
-,2343-00
» 0000
, 0000

Ko -
or REPRODY G g, ¢

IMAGINARY
PARY

0000
0000
0000
.N000
3289401

*,3289+01
«1030+01

-,1030+01
+0000
0000

92




X( 2)eT0=C( 2) NUMERATOR

ROOY LOCUS GAINs <,3455422
BODE GAIM s v2218¢04
ROOTS
REAL IMAGINARY
PARY PART
,1093=02 02373=00
01093'02 '923’3?00
-,3779-00 +0000 :
«-,1712+04 A919+01
-,1712+40% «-,A919¢0%
-,1539401 0 710%5«00
«,1539404 «,710%«00
0000 +0000
0000 » 0000
, 0000 20000

X( 3)eT0=C( 2) NUMERATOR

ROOT LOCUS GAINs

01399404

BODE GAIN = 13242403

ROOTS

REAL
PARY
«,1435-01
‘01435'01
-,3658«00
05210403
-, 6470401
-,2498=00
'02‘95‘00
01863’08
.0000
. 0900

T s

IMAGINARY
PART
01467900
-,4679=00
20000
0000
+0000
v 1042404
=,4042+0¢
+N000
» 1000
+ 0090

93




P ]

ﬂ“*!!Eu!!.!IllIIl.llIWlIH-lIlI;IIllIll;IIllIIIIlIIlll.lllll....'l."..".’

X( 4)=Tn=C( 2) “UMERATNON

ROOT LOCUS GAINE =,794ne0g

BODE GAIN = =,1517+0)

ROOTS
REAL IMAGI®aRY
PARY PARY
-, 2971-04 0279600
-.2971-01 =.2796=00
-.6446'00 « 2003
-,3337-00 W 1003+01
-,3337=-03 -,10D3+01
-,201N+0Y 000
0104‘“06 1009
-,2275-08 0000
4235-08 «N0N0
+0000 0000

Xt 8)=-TO-C( 2) NUMERATON
ROOT LOCUS GAINs =,8274401

BODE GAIN = =-,1168+01

ROOTS
REAL IMAGIivr RY
PART PAR™
0 9329-01 0000
’.1085’00 01150*00
-,1085+00 “,1160+0N
-, 58658+0% O0DY
~,2646=0C «1040+01
~,264€6=00 =,1040+01
-,6961=90 40099
2794=-08 200D
-,4404-09 000
.9NAT o 1000

NOT REPRODUCIBLE



X( 6)=TN=C( 2) NUMERATN

RQOT LUCUS GAIN= [, 3835-0n
BOD: GATN &  ,4897+402
ROOTS
REAL IMAGINARY
PARY PART
-, 3459-01 v2713=00
-, 3459=014 -,2713=00
-. 91774014 NO00
-,2235+01 2116401
-,2239+03 -,2116401
. 2298401 M0N0
-,6783=00 .N000
-~,1339=-07 06000
.0002 ,NONO
0000 000

NOT REPRODUCIBLE

X( 1)e=T0=C( 3) NUMERATO&

ROOT LOCUS GAINEs «,3105+02
BODE GAIM = 3015404
ROOTS
FEAL 17aGINARY
PAET PLRT
93576‘07 000 )
-0597“-00 .”COC’
‘05325’01 000
=.,10A1+N2 00
-.h43%=01 +4339+01
-, 6439-01 -, 6339+01
-, 2tNn2=00 01049+01
-, 2607=00 -,1045+01
0G0 WCLO
.GCOFJ oﬂor-!ﬂ

95




X( 2)»T0«C( 3) NUMERATOR

ROOT LOCUS GANs

'01341*02

BODE GAIN = 2485403

ROOTS

REAL
PART
'02771‘01

:6986-00

-00906'00
' 5760-00

+5760-00
-, 3838401
-,2354-00

v1397-08
. +0000

»0000

IMAGINARY
PART
. 0000
8364401
-,8364404

’07034-00
«0000
»0000
» 0000
»0000
«0000

X( 3)eT0=C( 3) NUMERATOR

RGOT LOCUS GAINe

-,7339402

BODE GAIN 3 =,2854403

ROOTS

REAL
PARY
-, 565"01
1900402
-03203-01
=-,3203-014
'01117.02
'.2312'00
'02’12-00
-,6752~08
0000
,0000

IMAGINARY

PARY

+ 0000

+ 0000

01‘30'00
°.1430-00

»0000

+1052+01
'01052*01

« 0000

»2000

0000

96



X( 4)=T0=C( 3) NUMERATOR
ROOT LOCUS GAINs =,341%402
BODE GAIN 3 =,9588w11

REAL IMAGINARY
PARY PARY
1149804 10000
»,1177+02 +0000
-,2029=00 ¢ 1055404
-,2829-00 =,1055+01
-,6862-00 03000 <
~-,6750=04 0 2777=04 °
~,6750~01 =, 2777=04
.0000 v0000
-,1118=07 »0000
»0000 +N000
aT

ROOTS
REAL IMAGINARY
. PARY PART
'07133'0‘ .0000
«9713-06 »0000
-,1357-00 11049404
«,1357-00 ~41049+01
19179-04 00000
-,1229+01 8263000
-,1229+01 -,82603=00
-,1412-00 10000
«1288-06 10000
»0000 2000

X( 5)eT0=C( 3) NUMERATOR
ROOT LOCUS GAINs
BODE GAIN s

11440402
1427400 -

- o -



BODE GAIN =

,8080-00
01767403
RES., IMAGINARY
PART PART
«1787=06 .N000
-,1013+32 , 2000
-,6255=-00 « 7090
-,1442~-00 0 2323=50
-,1442-00 -,2323=00
-,2745+01 11628401
~-,274%+01 “,162:+01
«3562+014 Nats el
.1887-08 27000
.9003 N30C

X( 6)=TO=C( 3) NUMERATO®R

ROOT LOCUS GAINs < ,5370-00
'04535*01
REAL IMAGINARY
PARY PARY
«1180+00 + 0000
-,1488~00 +0000
-.1079¢02 9000
«2176-00 + 3538401
. 2176-00 ~,3538401
«,1412-00 + 508200
-,1412-00 -,5082=00
0000 v 2000
.00090 «N0N0
.0000n » 0000

X( 1)eT0=C( 4) NUMERATOR
ROOYT LOCUS GAINs
_BODE GAIN =

98




e Y B I R T

X( 2)=T0=C( 4) NUMERATO*
ROOT LOCUS SAINs «,1917402
BODE GAIN 8 <=,5864-00

ROOTS
REAL " IMAGINARY
PART PART.
16813-04 . 000D
-, 2687402 « 0000
-,1069+02 » 0000
~,1860+01 0000
'.95“'00 .0000
-.3670-01 02599=00
-, 3670=01 -,2599=-09
9000 0000 -
.0009 ,N000
0000 « 1000

X( 3)=T0=C( 4) NUMERATOR
ROOT LOCUS GAINs =,3575-01

BODE GAIN = «,5299402 u
ROOTS
REAL IMAGINARY
PARY PART:
,1506=07 «"000
T ,2961+403 00000 o5
-12316-02 +2100~00
-,2316-02 -,2100-20
-,2120-00 «3255=00:
-,2120-00 -,3255=00"
-.1508+02 . 7000 ¢
-.3917+C1 «"000
000" » 0000
.000C .N000
99
—

gt



BT TR Ty Ty

X( 4)=T0-C( 4) NUMERATOR

ROOT LOCUS GAINs =,9614~00
BODE GAIN s 3154402
ROOTS
REAL IMAGINARY
PART PART
«,3663-01 1264200
-,3663=01 -,26342+-00
-,4320+0% »93000
14699401 »0000
=,1794401 +0000
-,9728-00 10000
10000 +0000
.1152-06 00000
+5626=07 0000
»0000 »0000

X( 5)eT0=C( 4) NUMERATOR

ROOY LOC'!S GAINs «,1525~01
BODE GAIN » 12485200
ROOTS
REAL IMAGINARY
PARY PART
‘.,’31’00 .2.‘9'00
,5734=00 -,2009«00
-,9709+01 02422000
-, 9789-04 '»,2122#00
04768402 »0000
»,5724401 0000
12086=00 20000
0 2794=08 «0000
. +0000 »0000
. 0000 » 0000

100

T IE-‘ [} w’#lp .._::-,1-_- rr,__-:.;_:*-’{l_‘
- L 'ﬁfifl‘ "1’* E P-"': =
}. _‘”:" ew-:n ..'_ | 1 J 1y y
A T A —————




X¢ 6)eTU=C( 4) NUMERATOR

ROOY LOCUS GAINs 05142+0%
BODE CAIN s =,9990401
ROOTS
REAL IMAGINARY
PART PART = . -
-, 3739=01 1262900
'03739'01 '02629’00
-,1934=01 . ¢3394=00
»,1934~04 ~,3394=00
=, 1054402 »0000
'01367‘01 +0000
.,9853-00 +0000
.0000 0000
, 0000 +0000
, 0000 »0000

X¢ $)eTO-C( 5) NUMERATOR

ROOT LOCUS GAIN=

12565402

BODE GAIN = =,4076+02

RoOTS

REAL
PART

+8336-07

-,1052402
'0123,*00
~,4334-01
'01326*01
'01326*01
.02807.00
-,2807-00
. 0000
0000

IMAGINARY
PART
+N000
+3090
»0000
«0000 - -
12847=090
-,2847=00
11060404
~,1060+04
»0000
0000

10l




X{ 2)«T0=C( 5) NUMERATOR

ROOT LOCUS GAINs

0111”'01

BODE GAIN = =,1402402

RoOTS

REAL

PARY
-,2808=01
-,2008-01
22426403
v1550+02

-, 33‘0*01

", 3693=00

'.’6”.00
0000
»0000
»0000

IMAGINARY

PART
0 7763=01

-,7763-01

«2000
»0000

» 0000

11008+04
=,3008+04

+ 0000 -

«NO00

» 0000

X¢ 3)=T0=-C( 5) NUMERATOR

ROOY LOCUS GAjNa

01066+00

BODE GAIN s +4573+01

ROOTS

REAL
PART
v1682~06
12164403
1 1254-00
+1254-00
-, 4291-04
-,1198+02
-,2818=-00
-,2818=00
0000
onace

IMAGTINARY -

PLRY
0000
0000
09665‘01

~,6h83=01
+NOCO
0000
010€2+01

-.1062401
0000
0000

102
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e 'I““.fﬂ.rﬁ,ﬂr'?._ e = i
'?.'._.. [ ﬂ: F 4 r"": '*'.; ,lﬁ‘l %:\;r Bl = ’

IR |V e o B ARy TR D T e W
AL Hy,wxnj'ﬂ_&;; VAR '

X( 4)=TO~C( 5) NUMERATOR
ROOT LOCUS GAINs »8971-00
80DE GAIN = «4788-00

ROOTS
REAL, IMAGINARY
PART PARY
=,1765~07 «N000 -
-,1407=-06 +0000
11142=06 0000
-,3036=00 11054401
-, 303400 -,1054401
-, 1284401 16620200
»,1¢84+01 -,6620=00
0 2276-00 0000
v 7335=01 000
-,4705-08 + 0000

X( 5)=T0-C( 5) NUMERATOR
ROOT LOCUS GAINs =,1960-00
BODE GAIN = ,350302

ROOTS
REAL IMAGINARY
PARY PART
c4236=02 .N000
-, 1279402 , 0000
-,2811-00 . .1061401
'02811'00 '01061*01
-,6956=00 0000
+4986-00C 0000
-,6195-01 G090
»1414-06 5000
-,1213-07 0000
. 0600 0000
103




a .ﬂ.-:.',ﬁ, oy

Tk Oty

X( 6)eTO~C( 8) NUMERATOR
ROOT LOCUS GAINs  ,2061-03
BODE GAIN = =,1410-00

ROOTS
REAL IMAGINARY
PART PART
,5128-01 ,0000
. 3745403 +0000
.1125+00 14420200
,1125+00 -,4420<00
. 1113402 ,0000
-,4288-00 11012401
-,4288-00 =,1012401
=,1048-06 0000
.0000 .0000
,0000 ,0000

104



LOCKWEED 4HS6A HELICOPTN
CASE 9 SPHFU=169,0 FT/7FC,

STARILITY DEMIVITIVE “aTRIA S

ZIXTTN<X

Z3ITN<CX

THE INERT!A TEANSOR

TRIMMED ITERATION COLUMY VECTOR,

°,3933en "=
EEV2eh}
-, 2410402
=, 5695+02
1563403
'05039‘02

v dorv
19264202
=, 7763=02
122392
'.5775'30
-, 4194200
‘.Z?“ﬁxﬂl

ct 1)
-, 7084404

'ld102’04
'01630’06:

- 84914+0%
8917406
7834405

4y
s 16R8+03

(1344-07

STABILITY ax1& SYSTEM F'LER A'iGLES

AIRCRAFT INERT1.L SPEEDE

J:" N L%IN hUSTAB=8 DFRIV/ITIVES
(T8 (Pl ‘TISFC. (3aM s 0,0 REG,
GROSS WEICHTS25600, SEr LEVRL, DYMaAIC TIP.LOBS. (YES) -
v y P s i¢
2117471 2 307402 =,3461¢7) 1401408 =,79.04en2
=, 7140402 = 287hefil ~,1395404 « 3105403 11280404
=, 3327401 =,4256¢(03 =,1245¢04 ~=,42274n3 19934403
= 3578403 =,72500402 . ~.9066¢05 0977404  ~,6762¢03
=, 3236402 =,23¢5403  ~.599%¢74 ~,1068404 02365+04
27339003 =,25C5¢03 = 3108404  ,7792404 =-,4083405
vV 00Y v DYY P poOT Q" rIT R ONY
=,6105=04 <« ,2215-00 =.2378¢02 ,7hf4=02. «,1027¢0)
=.9309=C4  ,:B0r=03 . 48601401 ~=,21%3407 16349-01
=,212%=N2 = 5349~01 ~.6271¢71 3586401 =,3094=00
=,2372=01 004402  J30464r4 -, 1312¢n4 12914303
~.3234=01  ,0903+01 1385404 3023402 15744402
=, 751203 =,%165=00 =,5R9R+p2 ~-,357140? 16029472
ct 2) AR Y] C( &) ct 5)
-0503?‘0‘ 01‘16‘05 -0691”*03 -016‘7‘0ﬁ
11534405 5426404 01261405 2 99"9en2
503223404 6735405  ,25514N2 =,7979403
«$8224C6 | (Z25234L6  .2707405° = ,1612¢0%
V27284067 = 7986406 1 ., 1530404 218008
-, 3583404 5164405 < ,3844+06 0744402
W118040H 0000 e1Nhqier &
JQoo0pn «S0N0+05 .00(C
=, 1841+4(a 0000 15492405
TRIMMED VELOCITIES wiTh RESFECY T NVERALL VEMICLE REFETENCE AXFES=
v Y P r =
-+ 0nge =+7160401  -+0000 £ 00N9 =+ 0000
TE-
-o9394’n2 l5553-01 03771'U1 °o‘237-31 '02507-01
THETAS  ,1345-05  FH} =,250%-01
0 1690+03
105

" o EEORLARE T S




e = f

DENOMINATOR CHARACTERISTIC

ROOYS
REAL IMAGINARY
PARY PARY
-,3692-01" 10000
-,4062402 10000
-+4014=00 11510404
=,404600 *,1940404
-, 442604 11004«00
-,4126-01 -,1004+00
«,41500%0% +59560#00
-,1580404 ~,8360=00
»0000 +0000
»0000 10000
0000 40000
»0000 10000
NUMERATORS

(NOTE=: NUMERATOR lOOTI
LARSEZT NUMERATOR ROOT

LESS THAN 1,0E=7 TIMES T
ane NOY tNCLUDID IN THE aoat GAIN),

Xt 1)o70=C( 1) NUMERATOR

ROOY LOCUS GAINm  ,1388+02
BODE GAIN s «=,4430404
ROOYTS
REAL IMAGINARY
PARY ‘PART
345607 »0000
-,9212-00 20000
-,4117~01 » 0000
-,4148-00 11492401
" »,4148-00 »,1492¢01
«,1070+02 ,0000
.. 4492-00 8697401
,4492=00 -,5697+04
, 0000 ,0000
,0000

0000
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X( 2)=T0-C( 1) NUMERATOR

ROOT LOCUS GAINs= 091724014
BODE GAIN s +4403+03
ROOTS
REAL IMAGINARY
PARY PARY
-,1004-06 0000
,6410-04 14604=00
,0410-0% *,4604-00
. 3066-01 0000
.04942.00 .OOOO
-,1250¢402 11502402
-,1250+02 =,1502402
-,3823+014 10000
, 0000 »0000
.0000 10000

X¢( 3)=T0=-C( 1) NUMERATOR

ROOT LOCUS GAINs v 3362+03
BODE GAIN = ~,1197=-02
REAL IMAGINARY
PART PART
»1340~04 .0000
-,1078+02 + 2000
-,1619-00 «N000
-.2211-01 +00C0
. 7003-01 « 0003
.4060+01 « 0000
-0411‘-00 .1‘99001
«,4114~00 -,1499401
,0000 » 3000
» 0000 +N000
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-

X( 4)=T0=C( 1) JUMERATGS
ROOT LOCUS GAlNs 119372
BODE GAIN = =,1569-03

ROOTS
REAL IMAGINSRY
PARYT PARY
-,4046-00 0000
«.5038-00 y00C
.7023-01 9470=00
07023'01 -00‘7'3"‘:”"
-,12%5%401 1718401
-,1255+01 -,1718+01
1574-05 N000
o2‘66"07 00000
0000 N000
.2887-07 0000

X¢ 8)=T0=C( 1) NUMERATOR
ROOT LOCUS GAINs =,1215402
BODE GAIN = ~,4713=00

ROOTS
REAL ) (RS VR4 ¢
PARTY PART
.2220-01 . 10070
-,7029-01 e $708=21
-,7029-01 ~.3764~301
'.1115*[‘2 o.‘hr:‘
-, 409k=-00C 4507+
=, 409R=2N -, 1977+71
-,1006+C1 Al R
,1456-07 e ety
-,9313=-97 QG
0900 xoinyla
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X( 8)eTh=C( 1) “UMERATOR

ROOT LOCUS GAINsS =,9975-00
BODE GasiM = «1881+402
ROOYS
REAL IMAGINARY -
PARY PARY.
-,2210=00 460700
-,2213-00 -.4607=00
-,4607=00 0000 -
«3056-00 «3350~00
»3056=00 -,3350-00
-,1755¢02 »0000. -
-,43274014 «000¢.
.0007 v 1000
-,6985=09 .0000
0000 »N000

Xt 1)=T0-C( 2) NUMERATOR

ROOT LOCUS GAiNs

e 1428402 .

BODE GAIN = =,2325404

ROOTS

REAL
PARY
"o 1089-06
b} 7662-03
~,649R3=01
-,999%¢01
~,1284¢01
-,1284+01
'03635.00
'03635-00
.0000
,00C8

IMAGINLRY

pARY
1000
of 000
000
o0
+3532«(C1
-, X532401
01475*01
-,1475+01
000

« "ORT
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e T PR

T P A,

X{ 2)eT0=C( 2) NUMERATOR
ROOT LCCUS GAlNs

'.3156*02

BODE GAIN =- ,2163404

ROOTS

REAL
PART

-,6119-02 .

-,8119-02
'04083'00
,4978+01
478401
°.1759*OI
-,1750+04
0000
»0000
, 0000

IMAGINARY
PART
01034'00
-0153"00
0000
09134*01'
~,9134+01
01221401
-, 1221401
o 0000 .
+N000
7000

Xt 3)=T0=C( 2) NUMERATOR

ROOT LOCUS GAINs

¢ 34902401

BODE GAIN = 12170403

ROOTS

REAL
PART
-,1526-01
-,1526-01
-,1200400
03318403
-~,7140¢01
'03840'00
"03840-00
.000C
.+00o00
, 0000

IMAGINARY
PARY

09454401

~,.9454=01
» 0000

" +0000
«N000
01492403

-,1492+01
»NO00
N00C
«N000
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X( 4)=7C=C( 2) NUMERATOR
ROOT LOCUS Galis «,7924402
BODE GAIN 8 ,4878~09

ROOTS
REAL IMAGINARY.
PARY PARY
+1413-05 , 0000
-,1519=~05 0000
-, 4542-00 41476401
-,4542-00 1476404
-,3841-04 +2070~00
-,3041-01 ~,2070%00
-,1603+0% » 3632«(00
-,1603¢01 -,3632-00 .
.4098=-07 » 0000

.0000 0020

X¢( 5)=T0-C( 2) NUMERATOR
ROOT LCCUS GAINs =,8129¢0%
BODE GAIN = =,1058+01

ROOTS
REAL IMAGINARY
PART PART
16390-01 00000 °
-,8735~01 S 834101
-,8738=01 ~,8341=08
-,6393+01 +0000
~.3923~00 11494401
-,3923=00 -,1494408
'09113"00 20000
-,1316-07 0000
,1130=07 000
0000 2000

LTI, o




——— g

e

X( 6)=-7C=C( 2) “UMERAY(C®

ROOT L/ CUS GAINE = 28010}

80DE 61’ =

16225437

ROOTS
REAL IMAGI v/ &Y
PARY PART
1820-07 000
0 2579=-06 v 200C
-,4014-01 ?7041=-00
-, 4014-01 =,2041-01%
~,2171¢01 014634C1
-,2171¢01 -,14R3404
, 1674404 0 * 796G (is
0167“01 -01799¢01
-,9310~00 000
.0000 0000

X( 1)=T0-C( 3) NUMERATCR

ROOT LOCUS GAINs «,275%8402
BODE GAIN = 05165404
ROOTS
REAL IreGTN ! SY
PART opl
07815-57 o’Df:
-,8120-00 ity
-0387,.n1 .»‘7('--
-, 4024=30 e 16% 5951
-, 4024-19 -, 146Gy
-,1074432 S d me
-,1551-00 70471
-,1551=232 =,87F6e "
0003 At (8
0007 000

112
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X( 2)e73=C( 3) NUMERATOF

ROOT LCCUS Gatws

=,1207+02 -

BODE G2JN = =~,8300+02

ROOTS

REAL

PARY
06""02
02166402
V554900
'02373-09

-, 4680404
01629401
11629401

.03562.07
.00C0
» 0090

IMASINARY
PART !
0000°
»0000
000"
5000

AP-- } * A
.
. 2225401

-12225401 |
2000 .
w2000
2000

X( 3)=T0=C( 3) NUMERATOR
ROOT LOCUS GAIN® «,1385403

BODE GAIN = =~,1574¢03

ROOYS

REAL
PARY
.|2950.01
'9295“-01
-,5248=01
1817402
-.1111¢02
-, 4032-00
-, 4032~

.0CG"
.000"
.0009 L

o e

RN, MR

IMAGINARY
PARYT .
.5947301
-,59047<33
y 090 .
7300
Malvirkel
» 150443
=,1504401
o 90N
"C0C
300

113




nri S YRR T T L TSR B

Xt 4)oT0=C( 3) NUMERATOR TS AMUL T SIS0 NS VX

ROOT LOCUS p‘!N. -,3281+02 TOCY o i Bk R e
BODE GAIN =  ,1170-48 s ¢ 4147 3008,
ROOTS 2Tony
REAL IMAGINARY . oy
PART PART - &
=,2380-07 - .0000 "

»4733-06 0000 pes

»1514-05 000"

+ 320605 0000 - 1 S
=+2435-90 11447404 L
=,2433=-00 =,1447404 s :
*,13%4¢04 «133340¢ 3 R
=01334401 =, 1333408 il <3
~+1761=00 0000 . ;

11146400 0000 ’ . .

R( 3)eT0=CC 3) NUMERATOR

ROOT LOCUS GAINs 1600402
BODE GAIN = 1241900
- ROOTS _
REAL "IMAGINARY
PART PART
01252'01 10000
=, 1163+02 - »N000
'0‘039.00 01506*01
~.403%-00 ~,1506404
'0’100'00 . . 0000
»,6395~01 1241601
~, 639501 *,?416+01
0000 »NCOO
+2561-06 »NCO0
0000 2000

11k




v
T

3y
“d, “ -. b

X( 2)eTO=C( 4) tLMEiFATO>
ROOT LOCUS CAINE  «,26N% 07

BODE GAIN s «h2NZ2¢02
ROOYS
REAL I9AGT s Ry
PARY BanT
-, 4665072 e 14
4477402 TLBR0n
=,1C77+0?2 NI
-, 1579401 B7EG- "
=,15794¢(1 - 78507
-, 4116=01 RELLY.E Tolst
-, 4116=01 “,18%naC"
0009 0000
.0000 .'IOf;C
.000n ublids

X( 3)=T0=C( 4) NUMERATOU
ROOT LOCUS GAINE «,3733-01
BODE GAIN & -.3344402

ROOTS
REAL IMAGINAKY
PART PARTY
-,1345-01 v1416=0"
-,1345=0N1 - 141601
1928403 00N
-,2088=0) 0?2499 mn ™
-,20RR=nN1 * ,PR9Qa",
-,2823¢02 Malslels
«,6351+401 s PORG
000" o {170
Qonoq Q"-)“".’;
Malelrie L Kl
116
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e f*ummnmunwnnmnu-uum-nnHu!ﬂmR!HMm”ﬂﬂﬂﬂﬂ%ﬂ!ﬂﬂ“ﬂﬂwﬂgﬁmﬁﬁ@*'

X( 6)=TN=C( 3) 'UMEQATOR
ROOT LOCLUS CalNs  =,2015+01
BODE GAIN 2 «,YA%84(1

BODE GAIN =

ROCTS
REAL 14AGINARY
PpFY FART
12410400 0000
-,1822-00 one
-.198%=-n1 604500
-.1985-00 . &04500
-,6177+01 0C00
+ 468300 2B848+01
«4683-00 -,7868+01
» 0000 000
. 000N 1000
.00o0on NO00

X( 1)=TC=C( 4) NUMERATOR

ROOT LOCUS GAINs= 1 1490+01
12286403
REAL IMAGINARY
PLPT PART
1 2476-06 0000
-,1C53+02 000
.012‘6*':.'0 019‘4-00
=,17246+00 =11944=30)
-.9741-03 2007
-,2514+01 1612401
-.2516451 - 1812401
$29C4+01 «n0COo
Ccooce 0PC
«0CCn 00
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X( 4)eTr=C( 4)

ROOT LOCUS GAT 's

TERIEN S DA  WITRTY"

CME L ATO!

-,1557+01

BODE GAll = 7179-04
REAL [A2GIN RY
PARTY palr
-02555-07 00135'03
=, 259%=77 =,7178=0Rr
0 160%=95 0N
-, 60103471 I aN
=,1951+11 S Rl B T TARY
~,15%1 04 =sAG35=01
' 457240)1 JNONY
-.40ﬂh‘“1 ,180“-0ﬁ
-0496H-01 -01"04'03
L0002 QNN
X( 5)=T0=C( 4) MUMERATOR
ROOT LOCUS GAINz <, 899r.0q
BODE GAIN = «2145-0Q0
.R&AL !MAGIN.HV
FART PAS”
-, 644700 «338meQ0
=,64481-0) =, Y346=0N
-, B06Ea] v 1731=20
-, BrGH=0] =,1733a09
11173402 00
=, 754741)) 7000
JJbnnenn JOrA
-, 7451 =¥ Il
1 446435=17 et s ol
0931 %=19 Mol NN
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T T YO0 T MO TA.47 3000, e o v

X( 6)=T0-C( 4) IUMERATOR
ROOT LOCUS GAINs 6957401
BODE GAIN s =~,A562+01

ROOTS
REAL IMAGINARY
PARY PARY
-, 40456=01 v1903<CD
-O‘OQP‘.Di -.1903-00
-,3049-04 +3255+00
-03319'01 "3255°00
»,10608+02 0000
«,1579¢01 576200
«,1579+014 -,85762=00
+00CC 0000
+0000 » 1000
,000C 000

X( 1)=Y0=C( S) NUMERATOR
ROOY LOCUS GAINs 1341102
BODE GAIN = <~,6390¢02

ROOTS
REAL IMAGINARY
PARY PART
"07"6"08 «N000
-,1063+02 7000
-,400%-00 «1512+04
-,400%~00 -,1512+01
-,2045=01 20000
-,1522+01 +731R=00
-,1522+01 -,7318=-00
-,95168-01 2000
, 0000 00N0
, 0000 »N00N
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X( 2)«70-C( 5) 'IUMERATOR
ROOT '.OCUS GalNs 1477-01
BODE GAIN s =,3377402

ROQTS
REAL IMAGINARY
PARY PART
-, 2417014 H547-04
-,2417-01 -,R547=04
+103R¢04 +N00D
« 7510403 «N000
‘03197*01 |00°0
~,4642-00 v9707«00
-, 4642=00 -,9707=00
, 0000 » 0000
,000n .N000
,0000 v 0000

X( 3)=T0-C( 5) NUMERATOR
ROOT LOCUS GAINs +1620¢01
BODE GAIN s «7837-00

ROOTS
REAL IMAGINARY
PARY - PARY
«1139-01 0000
12262+02 »NON0
02687'00 00000
-,2256=01 + 0000
'0125‘¢02 v 0000
-,4103=-00 v19513+01
-, 4103-0D =,1513¢01
-~,4697-038 0000
» 0000 + 0000
0000 + 0000
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X( 4)=Y0=C( 5) rivE~pT0”

ROOT LOCLS Grlhe

19274

BODE GAIN = A Relal T 2l
ROOTS
REAL IMAG) - wv
PARY Pak*
«5821-01 11255207
.5'21‘01 'oiZbS’é“
-, 43C2=90 014572
«,4300=00 -,1451+ 2"
=,1502+01 1931827
=,1502¢01 -,0182-)"
' 1522=-05 o} o]
'05633'07 020
*,2142-07 one
0000 «D0CO

X({ 3)eT0-C( 5) NUMERATOR

ROOT LOCUS GalNs =, 167P-Cp
BODE GAIN s .1202=~C1
ROOTS
REAL IMeGYL wn
PARY PAI
.1008-01 0002
=.1514422 o N7L
-,4072=-00 ¢1514ds _-
-, 4072=20 . ’Hl¢+""
'.9063"3? o =qn
03692-30 o L
=, 50u6=-02 o L33
1 2263-07 » "00C
-,7272-06 000G
.000" Mavisls



NC 6)=70=C( 5) NUMERATOR

ROOT LOCUS GAINSs

10098=01

BODE GAIN & «,4800~00

ROOTS

REAL
PART
0 7916=01
' 7916~01
4974001
»9808=00
'0‘320‘01
'06091'00
-,6894=-00
' 3493=07
»0000
0000

IMAGINARY

PARY
.1‘2..00

.'.1"0.00

10000
10000
10000
09577'00
»,9577«00
0000
00000 '
»0000

121
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S R T ORI S A D VIR s S motes e

LOC“~FED aWbS64 WEL
CASt 10 SPEEDs 9,
GROSS WEIGHTEib6U0

JCOPTER
6 FY/5EC.,

«  3EA LEVEL.

Jul,
H-NNTE =9,4 FT/SEC,
wosaIg TIP LNSS (YES)

10 L9

STARILITY DERIVATIVE MATR|COS-

J
=,1035+C3
-,29494+0}
'01160’01
=+1032¢03
=,7856¢02
'.2"06*02

Z L£ET N <X

U porv
6702~03
=.yR14-02
01‘05'01
'01263.02
«17R3-00
112300

<t )

— ~N< X

P 4

'01113‘06
=,5650+04
1607502
2884406
'03053’04
*,3364+04

Z XN X

THE [NERT!A TENSOR

J
-.1631-C0

TRI¥MED ITEXRATION COLUMN VECTOR, TE=-

«22R6=00

"HOSTAB=3d CERIVATIVES
GAMMA2=90,0 DFG.

v v b n
=,1469+01 =,t.n/=00 1054+n4 0 2779%+014
=220 *(12 REBTIPE 2051 +43RRENS  =,3731+03
= 1725%0)  =,5739+31 19RNKe02 =.1569+04

+3336%0) 1244951 =,1217405 =.R920403
=.6321402 =.4438¢(3 16409404  ~,8794405
+4281%03 =,nHhH+02  =.11524N4  -,1094+05

v Dot WODUT P porv Q DOT
6339=04 <~,2193-04 =,2676-01 11518401
-,8471-03 J3777=23 +1390¢01 <~,24n4402
e 2794=03 =,3300=-34 =,45%34-00 15314+01
cH701°02 =,4591-07 1663402 =.1434+3)
-.9341-02 v167%-01  =,193403 12944404
e5992=02 ~=,1639=02 =.325%7+02 11428+04

ct 2) ct 3) C( 4) ct %)

=,1069404 =, 0h22¢03 =,6002+403 H5480+0?
1904+0% 53b4+(4 (933404 2367401
+5404%04 <~,19n8e05 5136401 2504404
-'32’1‘05 |33?3‘05 --2698006 '.3440*03
2738406 <~,6847406 =,2355+0% 12575404
-.6355*06 ~,2752+396 <-,3591+04 -,3001+02

.54970P5 02900*03 '.7388‘03

e 2900¢03 ,5002+05 ~,4310+02

-, 738803 <~,4310+02 11151405
TRIMMED VELOCITIES WITkW RESPECT TD OVERALL VEW]CLE KEFERENCE

v 8 P Q
=.5591=00 .9582+01 -.0000 «0000

H842-03 «,5338-02 .1617-00 v 1699-01
THETA® «1572+01 PH]

SYARILITY aAX]S SYSTEM EULER ANGLES-

AJRCRAFT ['IERTIAL SPEEDs 9600401
s\%\&
3
)
R
(¥
\ 122

R
-01959‘0}
V1514404
=, 4832403
=,1181+04
1 1001+05
-, 8655405

R 0OT
=.2967=00
~.1540+01
~.2406+02

1468403
=.1%22¢04

2Y60¢04

AXFS=

=,0000

~.582R=0y
« 06300



1
Mmmm_- . A N ”

LOCKWEED AH56A HELICOPTER  JUNE 10 1970  MOSTAB~B DERIVATIVES
CASE 11 GPEED® 33,8 FT/SEC, K-NOTs =9,6 FT/SEC, GAMMA®-16,3 DEG,
GROSS WE]GWT®13600., SEA LEVEL. DYNAMIC TIP LO8S {YE" |

STABILITY NERIVATIVE MATRICFS-
v v L P Q R

X =,EN79402  ,1432401 =,2732+402 =,2874¢403 ,1559+¢04 ,3199+03
Y 3335401 -,2851402 ~,8629-00 <~,1402404 ~.3472403 ,9266+03
2 =.160%¢03 =,1380¢01 =,1005¢03 ,4110¢03 ~-.,2043403 7961403
L =+11421¢03 =~,2762%03 ,6715¢01 ~.7962+05 9176604 ,1989405
M ,3060+03 =~,0649402 =,5966402 <~,8533¢04 ~,0683405 4952404
N =.2144403 4310403 ~,3425402 ,1896405 ~,5188¢404 ~,2177+05
v oor vV Dot W DOY P DOT Q por R poT
X =.1694-01 <~,6614=04 ~,4810-0%1 ~,2077¢02 ~,3065-00 ,6435¢01
Y  ,1468-01 .1347-03 ,4690-01 ,6518-00 ~,2580#02 ~,2071=00
2  ,1067-01 -,9861-03 ,3429-01 1481402 ,1045¢01 ~-,4501¢01
L 01112401 1493003 »3603+01 12700404 <~,1347¢04 ~,8354403
M ,6547=00 =,2867-01 ,2105¢01 1356404 ,2963¢04 ~-,4179403
N =.3714-00 =.2485-02 =,1194401 ~=,08763¢03 ,4238403 ,2804403
ct 1) ct 2) ct 3 c( 4) ct %)

X =.3008¢05 <~,4790%04 1737603 ~,1846¢03 <=,6235%5¢04

Y =,6861+03 .1811%0% _S607¢04 7754404 ,7283-03

I =-.9802+0% ,3381404 <«,2966404 ,2297¢02 196704

L +481240%  ,6494¢06 ,2615406 <=,6307¢0% ~,1516404

M 7875405  ,2754%06 =,6850406 <~,4741¢04 6710406 _

N 12194406 <=,2114%06 ~,3197405 =,2270406 <~,4283403

THE INERT!A TENSOR
11532409 ~,3822-0% 11231405
-.3022.05 05000‘05 .1’5"0’
11234¢05 14357-09 51108405

TRIMMED VELOCITIES WITH RESPECT YO OVERALL VEWICLE REFERENCE AXES*
U v W P Q R
03228402 -,3725-08 +1602+02 ~,0000 100060 =,0000

TRIMMED ITERATION COLUMN VECTOR, TE-
12049-00 -.174402 © ,1020-01  +1254-00  ,1254-01 =,438dey

F

a

STABJLITY AX]S SYSTEM EULER ANGLES~- THETA® -,28081-00 PHI =,4571-081
AIRCRAFT INERTIAL SPEED®s ,3380+02

L



LOCKHEED AWS64 HELICOPTER
CASF 12 SPEEDs 6/.4 FT/skC,

JUNE 17 1970
H4=907= -9,6 FT/SEC,

MOSTAR=-B DERIVATIVES
GAMM" -8.05055.

GROSS wgl5MT=1S5600,

SEA LEVEL.

STABILITY NERIVATIVE MATRICES=-

DYLAMIC TIP LOSS (YES)

J v » P It R
X =,A39%+092 +1807+031 «.449%40? =, 2053403 '1855+04 19453+02
Y «9959=0) =e3479492 = 4921+01 “e1666404 -,2405403 09718403
7 =.1103403 =,1275+03 2497403 =~,1357403 =, 2308403 2889303
L =.9118+02 -,2510+%03 =, 3882402 ~,08715+0% 19451404 19968+04
v ¢1801+¢03 ~,4532+0), =01927403  ~,B416404 -,9408405 v3708+04
N =41937+03 +4994+03 =, 2570403 «1086+0Y «4188+03 =~ ,2385+05
U 0T vV DboT NODOT P DoOT @ noT R DOT
X =.1787=01 =.1056~04 =:1143+00 =-,20p01¢02 11119+01 14365401
Y +1239-01 =,1206-03 «8001-01 <~.8424-00 =12923+02 «1300=00
Z «4914-02 -,8447-03 W 238h=01 16153401 +9143-00 ~,9372-0p
L 212344+ $1293=02 . 7919+01 ¢ 2905404  ~,1367+04 ~,4529+03
v «OH36=00 <=,2591-01 4374401 113872+04 12930+04 ~,2161+03
N =,2391-00 «4422-03 ~-,1534401 =.5432+03 12294403 19331402
cc L) ct 2) ct 3) Ct 4) c( 5)
X =.1432+05 =,6019+04 « 1752405 =41992+03 =.9673+04
Y =.1663+04 11607405 10249+(4 7283404 +3017=02
I =.1180+26 e 1330+04 165005 01790¢02 1564+04
L =.1878+05 +6890%06 02716406 <~,2778405 =+ 3954404
M 12217+C6 12763406 «,6970+06 =e1792+04  ,1020+05
N 11245406 =,1220%08 <-,2564+405 ~e2197406 <~,3730+03
THE INERTIA TENSOR
11254405 -.2056~-05 16637404
.'20.5“.05 05000‘05 .36‘7'06
16637404 3647~06 15396+05

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEWJCLE REFERENCE AXES=

J v W P ] R
«6899+02 -,3725-04 «1047+02 -,0000 +0000 =+0000
TRIMMED ITERATIGN COLUMY VECTIR, TE-
+1648-00 -.2967-02 +1915-01 +5098-01 +1295-01 -,2007-01

STABILITY aXIS SYSTEM EULER ANGLES= THETA® ~,1421-00 PHI -,2027-0%

AIRCRAFT 1"ERTIAL SPECDs 6730402
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LOCKHEED AWS6A HELICOPTEN
CASE 13 SPEEN=101.5 FT/SEC,

JUrE 1y L1970
H=PN)T2 =9, FT/SFC.

MOSTAR=

H DEKIVATIVES
G‘MMA’ -5|‘1DEG.

GROSS wEIGMTE1D600.

SEA LEVEL, DYrLnl€ T | 055 (YES)

STARILITY PERIVATIVE MATKIZES-

iy v w p

X =.4197+02 21714401 =, 3752402 =,314H3+03
Y W 7185=01  -.4995%0z -, 80A0¢01 ~=.1566404
Z =./0B7402 <-.1215¢01 =,3213+(3 ~-.5238+03
L =.0465+02 =~,2592¢03 ~,3674+402 ~,8R12+0)
M 11541403 -, 3582402 =, ,Lh2H403 =,7736+04
N =.1057+03 5966408 =,2413403  ,4130+04

v 20T vV DoOT FUalvk ) P DOT
X =,1283-01 ~.1783-03 =,17217-00 =.2782+n2
Y 0 7451-02 =.2166-03 1034400 ~.45923-00
? ,4393=03 ~-.4071-0) W 9493=-p2 =.3619-00
L «3756=30 =-.2062=02 .1201+02 2983404
" «4%74=-00 ~-=.1563-0} 6502401 1377404
N =.10954350 2079=02 =.,1508+401 =.35424(03

‘Ce 1) c( 2) c( 3 Cl{ 4)
X =,1676+405 -.589nN+04 «1812+05 ~-,2804+03
Y =~.25%8+04 +1543+05 590904 19225404
I =.1379+06 ~.2411%02 3471405 1834402
| L =.4820+C5 0722%00 1 2668+06 =,1247405
M e 3323206 12724406 ~,7134+06 ~-.8973+03
N WUN67+05 =,7241+05 ,1229+05 ~,.7B04+06
THE INERTIA TENSOR

11173405 =-,2407-05

=,2107~05 «5200405

13181404 «1751-06

f
1710404
'QZZ““UJ
~.2479+03
+88N0+04
'09713‘05
13953404

a NOT
«1094+01
=.2670+02
12002401
=.1343404
1 2998+04
e1176+03

c¢ S
=+1230+05
1‘737-02
19504403
'07185*0‘
01225+05
-:2124+03

v3181+04
1751-06
5477405

TRIMMED VELOCITIES W]TH RESPECT TC OVERALL VEWICLE REFERENCE

v .V w
01012*03 ’05588.06 07‘41‘01

TRIMMED ITFRATION COLUMN VECTOK, TE=-
e1972=-00 =.3394-02 «2530=01

STABILITY AXIS SYSTEM EULEK ANGLES~-
«1015+33

AIRCRAFT [NERTIAL

SPELDs

NOT

125

[+
'.0000

+3443-01

THETAS =,9474-01

Q
+0000

'02135'01

PHI

REPRouuc\BLE

R
.659”‘“2
.1054*h4
09326403
151353404
«3055+04

~,2918¢05

R DOT
2033401
03637-01
0246?-01
-,2187+03
=,1013+02
343902

-01637.01

-016‘4‘01

F

)

N 2 .
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LOCIMEED AKS6A HELJCOPTER
CASE 14 SPEED=169.0 FT/SEC,

JUNE 10 1970
H=-DOTs -9.6 FT/SEC,

MOSTAB-B DERIVATIVES

GAMMAs =3,250E6,

GROSS WEIGHT=15600,

SEA LEVEL. OYNAMIC TIP 0SS (YES)

STARILITY DERIVATIVE MATRICES~

Y v o » n R
X =.3026+02 W 1525%01 =,1871+02 =.3528+0) +13108+04 09991+014
Y 0537300 ~=.6991¢402 ~,d4341¢01 ~=,1211+24 ~-,2281+03 031339404
7 =.5078402 -~,1402401 ~,4275403 ~=,1133+04 ~,5014403 , 8842403
L =.5286%02 ~-.,2616%03 =,2977+02 ~.8756+05 6966404 2029404
M 16579402 ~-,2202402 ~,2242+03 ~.5310404 <~.1038+06 12269404
N =.5775+02 + 7445403 =,2033403 ~,1312+04 17744904 <= ,4034405
U oot vV DoT w DOT P 007 Q DOT R DOT
X =,5139-03 ~-,1213-03 =,2311-00 =,2217+02 «4567-00 1224501
Y =,3342-04 ~-,3091-03 +1278-00 «8441-00 ~,1960%02 ~,2550-02
2 =,1898-02 ~.2075-02 ~,4115-01 ~-,5039+0% 14327¢04 ~,2300-01
L +1484-031 =,9680=02 ,1957+02 .3054404 ~.1264404 ~-,440940})
M 1162701 ~=.2434-01 +1005+02 +1339+04 v 3033404 ~-,2884401
N =,5113-03 1293502 ~.1400401 <=.1981+0J3 v 1970¢02 18711401
et 1) ct 2) ct 3 ct 4): ce %)
X =,168208¢05 ~,4638¢04 .1601%05 ~.5347403 <~,16%55¢05
Y '03921"0‘ 01311‘05 .5000*0‘ 01260‘05 07933'02
Z =~.1650+06 ~-.9644+03 167952405 2280402 11312402
L =~+7425+0% +6663%06 . 2455406 v1037+05 <=.1600+05
M 13847406 126030406 =,70826406 16736+03 11411405
N 13473405 ~,2922+05 4484405 ~,3842406 <-,2732¢401
THE INERTIA TENSOR
11190405 ~.4243=06 16538402
-,4243-06 +5000¢0% 7206-09
16538402  ,7206-09 ,5500405
TRIMMED VELOCIT!ES WITH RESPECT T0 OVERALL VEWICLE REFERENCE AXESe
v v W P ] R
11690403 <-,1863-08 .254)-00 -,0000 + 0000 =-,0000
TRIMMED ITERATION COLUMN VECTOR, TE-
+1570-00 ~-,4032-02 .- ,35%8-01 12631-01 ~,35533-01 *.1700-p1

STABJLITY AX]S SYSTEM EULER ANGLES~-

THETA® ~,5683~01
" AIRCRAFT INERTIAL SPEED® .1690+03

PH] =,1706-04

126



RN PN TS TR

LOCKNEED ANS64 HELICOPTER
CASE 45 SPEEDs 19,2 FT/SEC,

GROSS VEIGHT=13600,

JUNE 10 1970

MOSTAB<-B DERIVATIVES

H=D0Ts=19,2 FT/8EC,

SPABILITY DERIVATIVE MATRICFS=

GAMMAS=90,0 DEG.,
SEA LEVEL, DYNAMIC TIP LOSS (YES)

U v W B 0 R
X =,8870+02 13770401 =,2216+0% 11029406 =~,3406002 -,1879¢03
Y 1229200 =,2127¢02 2596401 14297403 ~,2773¢03 18575404
I =,1976%01 ~,2131¢01 =,7394¢014 19100002 <=,1619¢04 <~ ,6410403
L =.1727403 « 3356403 =,158640° <«,1208¢05 <~,2919¢04 ~-,15318404
M =,9984402 =-,5909402 =,49%4403 ,6044404 <~ A370+405 1103405
N =,25971+02 4126403 =,8380¢02 ~,11908004 ~,1125¢08 ~,8649409
U oor v 0oY W DOT P DOT Q noOY R 00Tt
X .1870-02 ,1220-03 =~,3818-0¢ 11663~02 10864601 +,1913-00
{ Y =,993%-02 ~,4853-03 ,1985-03 11330401 ~=,2497402 <~,9922-00
' 4 11513~014 1126903 ~,20%3-03 ~-,4308-00 9940=00 =,2498402
L =.2%22-02 1 1762-02 '2191-03 01600402 <~,1276¢03 11413¢03
M ,1685=00 ,1549-01 ~=,8926-02 <~,1780403 2941904 ©,1423¢04
N 11172400 01716801 ~=,1385-04 ~,2504¢02 1428404 12956004
ct 1) ¢t 2) ct 3) C( 4) Cct 5)
X =,1119406 ~,8418%403 «,5022¢03 «,5907¢03 .8869402
Y <,6071¢04 11061+03 552204 18546404 23290014
) 4 02119403 5510404 ~,1865¢+03 19227401 377904
L 2509406 ~,3068405 02912405 ~,2873¢06 ~,1686404
M ~.58571¢04 2738406 «,67083¢06 ~,2271¢09 4059404 ,
N =,4513404 =~,6790¢06 = ,2749406 <~,3044¢404 ,4860+02
2
THE INERTIA TENSOR
5497408 + 2650403 ~,74852¢03
2650403  ,5001405 =.3970+02 3
-, 7432403 ~,3970¢02 01181+09
|
TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REFERENCE AXES~ ;
J v W P n R
-, 3289-00 ~,1022¢01 '1917¢02 ~,0000 + 0000 =,0000 'i
TRIMMED ITERATION COLUNM VECTOR, TE- Z
+2204~00 ,6522-03 ~,6%75-02 ,1486-00 1713=01 ~,5324-04
STABILITY AXIS SYSTEM EULER ANGLES~ THETAs ,1572+01 PW! ,0000

AIRCRAFT INERTIAL SPEED=

11920402
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LOCKMFEL AHB64 MELICOPTIFK
CASE 16 SPEFDs 33,8 FT/SEC,

JuwC 10 1970 “~ORTAB-B OERIVATIVES
HaN(OT8=19,2 FT/SEC, GAMMA==33,5 DEG,

GROSS WEJGLHT®35600,

SYARILITY DERIVATIVE MATHICI &=

SEy LEYEL, LYWMIC TIP LOSS (YES)

J i v P ] R )
X =.1416+03 52nr=0n 2607401 7652402 «13A2¢04 1342003
v W29A04N1 =, 2704407  =,9935°(G1 ~.31002404 ~,26%8¢0) 11326404
L = 1560e03 =, 1F0PeN =, 2099+(2 16640403 =,9476+93 14283403
L =.205C*03 =,320%4P3 3633402 <,6200405 6457604 1 3354405
M 1254740\ = 6472002 =,229353403 =.6021404 -, 08%9405 7918404
N =,1b23+C3 LAB20403 = ,1795+02 13291405  ~,9328¢04 =~ ,30862¢08
v poT v ey . 0oT P 0OT Q@ nOT R 00T
X =,1769=C1 <=,1%%d-02  <«,7223C=01 -.3140+02 :2742=00 8135401
Y 02210-01 <=,71n2-n4 «M32=01 +1R6R=N0 ~-,2652¢02 ~,1321-00
y4 v2685=11 =, 3182-02 (4262=01 12034402  ,6615-0n ~-,1438402
L 11564401 692%=ng 2191401 01955404  ~,1147¢04 -,1387404
% W1111°01  =,2533-C1 W 39624C2 « 1158404 1 29%9¢04 ~=,8215¢0)
Mo=.1165¢n1  =,2680-02 e, 18q0+0) ~=,1421+04 825003 11020404
ct 1) ct 2)° ct ) Ct &) ct %)
X =,5784405 =,3061¢04 1310405 ~-,1626+403 ~-,5101+04
Y =,60384(03 17731405 H096+04 + 7516404 :1571=02
2 = 1231400 5403404 =, 1089405 12632402 3770404
L «1001 406 15464406 1 2220%C6  =,12664n6 ~-,18%0¢04
M 2804235 2754406 =,6790%0¢ ~-,5495¢04 7502404
N 11817404 =,3992¢0¢ ©=,16C3¢06 ~,1R99+06 =,72n14073
TME INERTIL TEMNMSOK
261440 = K26(=05 12055405
-, 5260-05 .5000+C% +4531-n5
2055405 ,4531-0%  ,4N364NS
TRIMMED VELCCITIES WITH RESPECT T2 OVERALL VEHICLE REFERENCE AXES~
U v v [ (e} R
02793402 <+=,7451-00 .1961+02 -,0000 .00N0 -,0000
TRIMMED ITERATIOM COLUM*. VELTOR, TE=
01978=r0  =,120P-02 T76C=02 »1182+00 +1417-51 =,398n-01

STABJLITY AY[S SYSTEM EULER A!fLES-

AJRCRAFT IMERTIAL SPEED®=

NOT RE

PRODUCIBLE

W36 L2
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THETLs =,6042=00

PH] =,4836=01
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LOCKHEED AHY 64 KELICUPTEK  JUNFE 30 1920
CASE 47 SPEEDs o7,h FT/SEC, [(="0Ts=319,? FT/REC,
GROSS wE IGHT®15400, SEA LE“EL, DYNaMIC TIP LOSS (YFES)

STABILITY DERIVATIVE MATRICt be

1 " d P "
X -.8230+02 1877401 =, AS25¢0C -,2211¢0) 1757448
Y =.3172=00 <=,3724402 =,2066¢01 <=,1%37¢04 ~,1773+53
2 =.1354403 -, 973%-00 <~,212440) <=.9251¢01 ~-,3847¢0)
L =¢1124¢03 =-,14E24N3 = 6800402 =,81903¢05 .9497¢04¢
] +11329¢03 -,3807+402 877402 «,7822¢404 -,A5rSepS
N =.1899¢03 5136403 =,7221403 . ,100R¢n5 <~,59%9403
U por vV pry BTN ¢ P DOT G "OT
X =.3200-01 ,1756-03 ~,1100400 =,2654412 ,178640)
Y 178701 ,3%04-04 U911 =,140%¢01 ~-,208(0¢02
4 114R0-01 »1007-02 «4504=01 19931001 «60R4=0D
L 12076401 '9817-03 L 7099+01 02732404 ~,1379¢p¢
M 1244401 =-,6827-02 ,4216¢01 .13304n4 2974404
N =.6925-00 =,1074=02 ~,:363+51 ~,80144n3 ,401840)
ct 1) ¢t 2) (AERY) C( &) ct 5)
X =.3260840% -,580%404 , 1699409 «,1483403 -,93£9¢04
Y =,1618¢04 , 1552405 6237404 +7058¢n4 ~,7713=03
7 -.1143406  ,2193¢04 ¢ 1374405 ,154%¢02  ,284%404
L =.116240% ,6402+06 26454006 =~,5410405 ~,409240¢
M 2070406  ,2730404 =,06065+406 .-,1658404 1147408
N v 9187405 ~,2043406 <~,5810405 ~,20744n6 =~,66n34D3
THE INERT!A TENSCR
e1493¢05 «,1927-05 0117315
'.1927-05 05000‘05 06“6‘”’6
.1173‘05 06“6"06 .51570!15
TRIMMED VELCCITIES wlTH RESFECT TO OVERALL VEWICLE REFERENCE
u Y B , P r
16507402 «,372%-08 .1905¢02 -.00600 .70N0
TRIMMED ITERATION COLUM*: VECTOR, TE=-
+1463-00 =,1291-02 ,1326-01 .3774-n1 <,23°1-(02

STABILITY aX1S SYSTEM EU'LER AMGLES=-

AJRCRYFT INERTILL SPEEC=

W $789452

noT

129

THETA® ~,2871-0C

REPRODUC\B\-E

0STAB=t} DERIVATIVES
GAMMA®=16,45DEG,

R
2363403
'116%+N4
., 780P¢03
11781405
1474704

=,2692+C5

R 00T
7763401
+43106~-00
~,2882+01
'07975*03
- .309ﬂ“03
12694403

AXES~-

‘00000

=:31166-C1

FHI =~,1216~01

3 i i R R
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LOCKMEED AMS64 WELICOPTER
CASE 10 SPEEDe101,5 FY/REC,

JUNE 40 1970
4-NOTs=19,2 FT/SEC,

M0STAB-8 DERIVATIVES

GAMMas=10,9 DEG.

CROSS WEIGHMTs1%600,

SE4 LEVEL, DYNaMIC TIP LOSS (YES)

STABILITY DERIVATIVE MATRICFS»

Y
«,4934¢402
-,8717-00
=,1053+03
=,0694402

16734002
»,9992¢02

U nor
'.29‘6-01
0111%6-04
v3077=02
110484014
11067¢01
-,4063-00

c( L)
X =¢3253+05%
Y =,2506+04
T =11366406
L =,4770¢05%
M
N

ZETCN<<X

ZXIFrN<X

03220404
13863403

THE INERTIA TENSOR

)
1497404
=,402%+02
-,2159-00
=.1507+03
-,2634+02
,6008403

vV dDNY
-,2777=0)
'01526'03
-,127%-02
-,6724-02
..630'-02

1266N0=02

ct 2)
=:5704404
11374405
5173403
85248406
2674406
~,1202¢06

01264405

W
=,5419¢02
=,3096+01
~, 310703
=,6210%02
*,1735¢0)
*,2742403

w DOT
'0178"00
071"'01
1238101
11135+02
8472401
=,2498+04

Ct 3
120406405
83736404
3299405
12628406

=,7003+06
*,6355+04

-,2057-05

16938404

P
=,2913403
'01‘22‘0‘
-,4065403
"046“05
=, 71%3+04

18588404

P DOT
=,2698+02
=,1141+04

1213102

1291%¢04

11332404
-,6210+03

Ct 4)
*:1982+03
0916200‘
11442402
=:3689+09%
-,9590+03
‘02758‘06

-, 2057-0%
«5000+05
03018’06

(o] R
+1710Q+04 14765403
-, 1562403 11174404
~, 4331403 18216403
8984404 11047405
=,9528¢0% 1 3515404
3794404 = ,3000%05
0 roT R ONT
110866401 14408+01
=,2609¢02 +1863-0p
< 22187601 ~,3497-00
=,1296¢04¢ ~,4758+03
«30n6404 -,2180403
12339403 11100403
ct %)
‘01222405
017'1'02
12116404
=, 7356404
1443408
'0‘4"‘03
ob’},#n‘
olaio'ﬁé
_+53086en3

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VENICLE REFERENCE AXES-

v v L] P it R
+10C2¢03 -,558A-08 +1640¢402 -,0000 +0000 -,0000
TRIMMED ITERAT[ON COLUMN VEFTOR, TE-
¢1337-00 ~-,1087-03 . ,1375«01 11961-01 -,2807-01 -,7701~02

STABJLITY AX]S SYSTEM EULER ANGLES- THETAR =,1003-00 PH! =,7839-02

AIRCRAFY INERTIAL SPEEDs ,1015+03
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NOT REPRODUCIBLE

JIE ot 192720
He'QTs=1y,2 FY/SFC,

OSTAB=g DLRTVATIVFS
GAMMA® =4 ,8520EG.,

LOCKHEED £HS6L HELICOPTF®
CASE 19 SPEEDs169,0 FT/SEC,

GROSS WCIGHTE156(0,

STABILITY DERIVATIVE MATRICTSe

Sk+ LEVEL. OYMsMIC TIP LNSS (YES)

U v W (4] ~ R
X =,4017402  ,1261401 <= 3062402 =,33764703 1278474 8694402
Y =02215-00 ~,67h7402 =, 4967401 -.0038403 <-,1107¢0} 11394404
Z =.8511402 1056401 ~,4293403 -,1n04¢04 -.6073¢03 1725103
L =v4687+402 =~,1455403 ~#,4052¢02 =,83374nS 16942404 5077404
M =,4109402 ~,1106402 <=,2006%03 ~-,4548¢Q4 =,10n3406 ,2122¢04
N ~.4269402 « 7503403 =, 23588403 7209403 7893404 ~-,4015405
U por vV onrT bopoY P porv A nOT R DOT
X =:1411-01 =,1844-03 =,2432-.00 -,2021402 ,1244e0t  ,114740%
Y 0328002 =~,37HM-0) 16231=01 <,1999-00 <~,1742402 1 961%-02
T =.2715-02 ~-,1402-02 ~,316G-01 ~.3380+01 1531240 11756-00
L 11062401 =,1322-01  ,1886402 ,3046404 =-,12n1404 «,1736403
M ,57n6-00 ~,1239-01 «9935+¢01  .12774n4  ,30%1404 ~,7354402
N ".1392-00 14194-07 ~,2465401 ~,3756+403 0937402 ,2991402
et 1) cc 2) C( 3) c( &) ct %)
I X =¢2839405 =~-,4178404 ,1852¢0% -,3869403 -,16%3¢05
Y =¢3682404  ,1034405 ,4517+04 ,1259405 ,40nBwp2
Z =.1668¢06 <,6027+0) A743¢05 1180602 10%9¢04
] L =¢7138605  ,6474406 ,2369406 «=,1080405 =-,16n4405
M 5756406 2535406 =,70647406 . ,21984n2 1748405
' N =.,20608405 =,0020+05 «3837405 <,3829406 ~,1376403
THE INERTIA TENSOK :
! 01164405 =,8455-06 ,2479+n4 3
-.8455-06 ,5000+05 +54865-17 ) i
i 12479404 +5465-07 15486405 q
' #
TRIMMED VELOCITIES WITH RESPECT 70 NVERALL VEHICLE REFERENCE AXES-
v Vv W P Q R
+1687403 -,3725-08 ,9647¢0% -,0000 .0000 -,0000
TRIMMED ITERATION COLUMM VEFTOR, TE=
01229400  ,2606-C2 ,1053~01 ,1559-01 =-,5§74=n) -,8892-02
STABILITY AXIS SYSTEM EULER ANGLES= THETA® =.1139400  PH! «,8936=02
AIRCRAFT INERTIAL SPEED= ,1690+03
131
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LOCKHEED AW564 KEL!

CASE 20 SPEED® 33,8 FT/SEC,

GROSS WEIGWT=15600.

COPTFR JUINE 10 1970
H=NOTS=2A.8 FT/SEC,

SEA LEVEL., OYNAMIC TIP LOSS (YES)

MOSTAli-B DERIVATIVES
CAMMAB=58,3 DEG.

SYABILITY DERIVATIVE MATRICES~

u v W
X '01337‘03 03086.00 0717‘002
Y 13495401 ~,2534¢02 .1943401
2 =.,6700402 ~-.1909+01 15582402
L =.2195+03 «9020%02 .44081402
v 11321403 =,6836%02 ~,3434403
N =.8397402  .4997¢03 ~-.5301402
u 20T vV DoT W DOTY
X =,2287-02 ~.,4195-04 ~,1325~02
Y 0175%=01 -,1761-04 »1025-01
2 v3709=-01 ~,9187-03 1216101
L +8555-00 +4482-02 +4990=00
M +110%+01 ~.1697-01 »6450=00
N =.13500+01 +1667=02 ~=,8768-00
¢( 1) c( 2) et 3
X =¢9099+405 ~=,3645403 1 4768+04
Y =,4325¢03 01782405 .5708+04
2 =.,5436+05 16285404 =~,1713¢05
L 11812¢06 + 3328406 1353406
M + 328508 12758406 ~,6746406
N 11106¢,6 = ,5838406 ~,2387+06
THE INERT!A TENSOR

24398405 ~=.7

'07962'05 5

11092408 '2

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REFERENCE

v
+1701+02

v
-,46470=07

w
«2923+02

TRIMMFD ITERATION COLUMM VECTOR, TE-
+2028-00 «2579-02

STABILITY AXIS SYSTEM EULER ANGLES-
AIRCRAFT INERTIAL SPEED® ,3380+02

- .2950.03 :

132

THETA® -,1020+01

P ] R
16582403 7098403 42908403 I
~.4827+03 ~,2097+03 1165%404
06370‘03 "1533‘04 ..‘672‘02
=,3239¢05 12876403 03149405
*,35608+04 '00914‘05 11010¢0%
«3102405 <=,1299+40% ~,6791405
P DOY a DoT R DOT
-,7477=00 14427-00 1363401
o°°93'01 '02657‘02 '.1154‘00 |
+1467402. ,3739-00 ~-,2503+02
« 7439403 '07109*03 =,4264+04
« 7244403 12949404 <=,1234404
~.1289404 11232004  ,2221404 |
c( 4) ce5) '
=,1674403 <~,3094¢04
7694404 1365%9-03
« 2056402 15454404
=,1977+06 ~,2536+04
'07805*04 07733’04
*,1239+06 ~=,6062+03
962-05 ¢ 1892405
000+05 12502-04
502-04 ,2252+05
AXES=
P ¢ R
-.0000 +0000 =-,0000
+1237+00 12194=-01 ~,4239«03%

PNl -.8105-01



A oo e e e

DENOMINLTOR CHARACTERISTIC

RONTS

“EB AL
OLRY
.1“95'0f
' 1695-00
9783+01
«1893+013
v1526-00
01526-00
«3251-01
«3251-01
«9020
«0C20
0C29D

.00C¢C

[N

NUMERATORS
(NOTE- NUMERATOR ROOTS LESS ThaM 1.CE=7 TIMES THE
LARGEST NUMERATOR ROOT aRE nOT INCLUDED IN TWE RODE GAIN),

TVeabInaRY

FAnY
01004+

-.1306<0C

0000
.000¢C
1 4775=-0n

-.‘775-00

03680'00

'.Jbao-ﬁh

0009
.0000
+ 0000
«0C00

X( 1)=-70-C( 1) NUMERATOR

ROOT LOCUS GAINS=
BODE GAIN = '=,3712+03
ROOTS

REAL
PARY
0 3593=-07
978301
«10674+01
+114¢R=-0C
01‘48°00

-.7411-01
-, 7411=01

«6h52-02
.0%CC

+0U20

+31878+03

TMAGINARY

PART
» 0000
0000
+000C
0511;’00
05119’00
.3652'PC
«3632=-0"7
NCNY
«NCOO
0000

133
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X( 2)~T0=-C( 1) NUMERATOR
ROOT LOCUS GAINs «9584=00
BODE GAIN s 0188303

ROOTS
REAL IMAGINARY
PARY PART
16490-01 +0000
'01120*03 , 0000
'06253001 00000
«,1904+01 .0000
-,4545-0% +3763=00
-,4546~01 -.3763=00
~,3908-00 » 0000
.4221~-07 »0000
0000 .0000

0000 0000

X¢ 3)=T0-C( 1) NUMERATOR
ROOT LOCUS GAIN®  ,1123+03
BODE GAIN =  ,3790+03

ROOTS
REAL - IMAGINARY
PART PART
-,1048+00 v2517-00
'.1048*00 -,2517-00
-,9810+01 +0C00
.-01637’01 .0000
-,1898-00 .4548-00
~,1698-00 -.4548-00
02565-00 00000
.0000 . 000C
.0000 ,0000
0000 «0000

134
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X( 4)=-T0=-C( 1) NUMERATOR
»
ROOT LOCUS GAIN® =-,2654+04

BODE GAIN = 12260+02

ROOTS

REAL
PARY

~,1021+00

=.1021+00
-, 3144-01
*,3144-01
'01276*02
-,1859+01
-,4089-00
»1118-07
01551-06
09436'08

IMAGINARY
PART
+3593«00
'03’93'00
03930~0°
'03930'00
+000GC
+0000
«0000
. 0000
+0000
»0000

X( 5)=Y0-C( 1) NUMERATOR

ROOT LOCUS GAINs

'06475'00

BODE GAIN = ~-,1123+01

ROOTS

REAL
PART
=,1931-00
»,1931-00
~,2574-00
'0257‘-00
-.1115+02
~,6488-00
02362‘00
~,2461-08
. 0000
v0000

IMAGINARY
FART

02840-00

'02540'00
03828’00
'03628'00
0000
. 0000
+000C
» 0000
0000
«0000
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Xt 6)-To-C( 1) NUMERATOR
ROOY LOCUS GAINE  =,325040

BODE GaIN = +1383+02
ROOTS
REAL IMAGINARY
PARY FART
~.6236-01 «3712-00
"06236'01 "v3712'3C'
12135%-01 40C9=-00n
»2135=-03 =,4009-0n
-, 565901 0000
-,1976¢01 0009
'04109-00 '0000
'03492'09 00003
,0000 .0L00
+9000 0009

Xt 1)=-Y0-C( 2) NUMERATOR

ROOT LOCUS GAINs 09929=-00
8ODE CAIN = » 89523403
RooYS
REAL JMAGIN2RY
PARY ParY
“.1984-p2 477601
~,1954-02 ~4174e0r
'03“6-00 OCOGG
=,9355+01 e 3CL0o
0 2250¢401 1308401
«225C+01 'S B IR
14128+01 1009
-01490°07 .DUCS
.0CCo 0000
«0C7GC w0000

136
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X{ 2)=Y0-C( 2) NUMERATOR
ROOT LOCUS GAINE =,36359¢(2
BODE GaIN = 12041404

ROOTS
REAL. IMAGINARY
PARY PART
-.2545-01 1363107 \©
-.2545-01 03631400 W
-,2579-00 .1008+00 Q°
-,2579-00 ~,1006409 A
-. 5355402 . 0003 W
-.1909¢01 .000¢C
-,1127+401 ,600¢
-,6712-07 . 0008
.0000 . 0000
.0000 . 0000

Xt 3)=T0~C( 2) MUMERATOR
ROOT LOCUS GAINS =.1761+02

BODE GAIN 3 1334404 -é
- .
ROOTS | 8
| REAL IMAGINLRY ‘
PARYT PARY
~-,3457-00 11445-00
-.3457-00 -,1448-00
».2239+02 »0000
-,3660¢01 + 0000
-,3342~-01% 0‘033"00
~.3342-01 ~,4833=-00
-,6519-00 «0CA0
W0CCO 0000
«CCCO 0000
.00CC 0000 s
i
%
137 _
{
i
5’-’;"



X{ 4)=70-C( 2) NUMERATOR
ROOY LOCUS GAINS =,3878+02
BODE GAIN = . ,2967+02

ROOTS
REAL IMAGINARY
PART PART
-,1911-00 «0000
»,1988+01 »0000
-,5835-00 «0000
-,3700-01 »375%=00
-.3700-01 =,3755=00
v1648-00 07563'00
01640.00 '0,563'00
+0000 +0000
0000 »0000

0000 +»0000

Xt 3)=T0=-C( 2) NUMERATOR
ROOY LOCUS GAIN®s ~,8210+01
BODE GAIN = =,1473+01

ROOTS

REAL IMAGINARY

© PART PARY

-»,1893-00 +0000

»,4971+01 00000
~,55%0~01 ' 4754=00
-,5550~C4 -,4754=00
'02;92'00 ‘02100'00
*,2392-00 «,2180~00

21967-00 .0000

-,3439-08 »0000

0000 +0000

- .0000 20000
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X{ 8)=TC=C( 2) MNUMERATSR
ROOT LICUS SaiNs  .6887+0¢
BOCE GalA\ = +1816+32
ROOTS
REAL IMAGINLRY
PaRY PaAQT
«,1957=00 ,20C3
-.1953¢01 »3000
-03555-03 .‘272.00
-,3655-00 '.4272-00
-,2931-0% v 3734-00
-.2931-01 -,3734-02
.3987-0C .C000
»0C30 .3000
.00C0 .0000
.00720 + 2000 ¢
c\B‘
a£?“°°“

Xt 1)=-T0=C( 3) NUMERATOR

ROOY LOCUS GAIN®E =,9719eC3
BODE GAIN = ~,7913+03
ROOTS
REAL IMAGINARY
PARTY PART
-.1115+0C +0000
-.1497-07 047‘7'80
=.1497-2C -.4747=00
«3542-2C «cC0Z
-.9819+01 +0000
-2385‘03 .4338*01
.2:C5'9C -0‘388*C1
L2220 +CCCC
eiiue »03CC
0332 « 2300
139
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X{ 2)-T0=C( 3) NUMERATOR
ROOT LCCUS GAINS =,125Z+0%
BODE GAIN = «5460+03

ROOTS
REAL IMAGINARY
PARY PART
02313-06 .0000
-,8056¢02 «0000
-,1827+04 0000
-,8763-00 0000
~,1110+00 14952«00
«,1140+00 -,4952-00
6643-02 v 1800-CC
«6643-02 -,1800-00
0000 ,000¢C
0000 0000

X{ 3)=TO0=C( 3) NUMERATOR
ROOT LOCUS GAINs «3331+02
BODE GAIN = <-,1955404

ROOYS
REAL IMAGINARY
PART PART
=-,1362-00 « 0000
=.,1150+02 «4063+01¢
-,1150+02 -,4061+01
-01502'00 047‘7'00
-.,1502-00 ~14747=00
-,5361-00 ' 3689=-01
-.,5361-00 -, 3686-01
.0G00 0000
. 0000 0000
.OUCO OOOLO
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X{ 4)=T0-C( 3) MUMERATOR

ROOT LOCUS GAINS

'0172"02

BODE GAIN = 7374-12

ReOTS

REAL
PARY
+1885-06
0’885.06
- $631-00
-.5631-00
.01560‘00
~.1560-00
1054404
«1583-00
v1583=-00
-,3725-08

IMAGINARY
PART
.1526'07
'01528'07
09‘2"00
-,9424-00
0‘310’00
-,4310=0C
€000
03256'00
=¢3256-00
' 000¢C

X¢ 5)=T0=C( 3) NUMERATOR

ROOY LOCUS GAINs

11329¢02

BODE GAIN = ~-,3025¢01

ROOTS

REAL
PART
’oian-°7
=,1125¢02
.01513-00
-,1513-00
.02030'00
'02090'00
«3776-01
e 3776-01
. 0000
.0070

IMAGINARY
PART
»0000
0000
475300
~.4751-00
01‘21'00
-.1421-0C
09650'01
'09055'01
CCCO
00CC
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X¢ 6)=T0=-2( 3) MUMERATOS
ROOY LCCUS CAINS 2977402
BODE GAIN = +1262+02

ROOTS
REAL IMAGINARY
PARY PaR?T
«78(2-21 v3274<00
»7802-02 -, 3274=C0
-,1259-00 1464100
-,1299-00 -,4041=00
-,132040% ,0007
-,7182-30 .CCO8L
+00C0 +00CS.
.0000 .0CC0
»0C00 .0000

Xt 2)~70=C( 4) NUMERATCR
ROOY LOCUS GAIN®  ,3489-C2
BODE GAIN ®= ~-,20108+03

ROOTS
REAL . IMAGINARY
=+1021400 ) 3532.03
-01021‘00 -'3’32'0a
+2943-00 .5408-00
029‘3-00 -.54c..0:
"=+2121402 +0039
~+9816401 .€CCY
*,1739+01 .e0Ce
.0000 '28a0
«0030 2300
.0000 .£0CQ

12



...‘-'!.ml.“z".nﬂmv‘.muu-m-n-n-mn_-wnm—n-mm—mmmuwMNJW“-

Xt 2)-T0-C( 4) NUMERATOR
ROOT LOCUS GAINS =-,1389+02
BODF GAIN = =-,8203+02

ROOTS
REAL IMAGINARY
PARY FART
«4668-01 +00CO
-,1206+02 ,0000
-,3920+01 0000
~,1899+01 .C000
-,3839-01 «3706=00
-,3839-01 =-+3706~00
-,2194-00 ,0000
~,1743-06 »0000
»0000 »0000
.0000 «0000

X( 3)-T0-C( 4) NUMERATOR
ROOT LOCUS GAINT =,9593-C1%
BODE GAIN = ~-,3633+03

ROOTS
REAL IMAGINARY
PART PART
=.1014+00 «3367=-00
»:1014+00 ~:33¢7=00
~,6689-00 «2240-00
~,6689-00 -,2240=00
«9159+02 »00C0
~:1185+02 0060
".1402+01 »0000
«4008-07 +00C0
0000 »000C0
0000 0000

143




X( 4)=-T0=-C( 4) NUMERATOR

ROOT LOCUS GAINS «3206+01
BODE GAIN = =~,124R+0?

ROOTS
REAL IMAGINARY
PART PART
=,1810-07 0000
-,1129+02 +0000
~.1892+01 «0000
-,08334-01 v 3605=00
-,8834~-01 -.3605=00
-,3376=-01 v 3816=00
-,3376-01 -.3816-00
-,2228-00 «0000
-~,2204-10 . 0000
.0000 »00C0

X( 3)=-T0-C( 4) MUMERATOR
ROOT LOCUS GAINs= +1385~00
B8ODE GAIN = +6207~-00

ROOTS
REAL IMAGINARY
PARTY PART
-.2542~-00 + 0000
~,1396+02 +0000
-,8086-00 W2645=00
-,8086-00 -,2648=00
-,9747-01 0 3296~00N
-,9747-01 -:3296=C0
03651'00 00000
.0000 0300
.0000n «20800
.0000 0000

1k



i.'i"..m....r’.!-..'-.-!II-—m--—-n-_unu.nuu..ﬂﬂﬂﬂﬂﬁl@ﬂm‘"“”'“w'"

X( 6)=T0=-C( &) NUMERATOR
ROOT-L.OCUS GAIN=2 02919401
BADF GAIN = =,7642+01

ROOTS
REAL IMAGINARY
PART PLRY
-, 4691~01 03671n00
-,4691-01 -.3671-00
.175%4-01 13973=-00
1754=-01 =:3973=09 !
'06999*01 00000 i
=+1909+01¢ «0000 {
'02236'00 000p
»0000 «0000
+0000 . 0000
.0000 .0000 BLE i
\
Ri?“o““c i
NO' |
i
|

X( 1)=T0=C( 5) NUMERATOR
ROOYT LNCUS GAINs  ,6386+01
' BODE GAIN =  ,A866+01

ROOTS
REAL IMAGINARY
PART .PART
-.9012-01 0000
'09783*01 00000
-,1541+01 .N000
-.1412-00 04715=0n0
~.1412-00 =.4715=00
=.3949=9C 0000
«2041-0% 0009
3000 0000
0000 0000
0000 »0000
145
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X( 2)=T0=C( 5) NUMERATOR
ROOT LOCUS GAINS ,8R849=02
BODE GAIN = ~,6037-00
ROOTS
REAL IMAGINARY
PARY PART
v1371-05 »0N000
~,2728+03 ,0000
'01837*01 00000
-,2704-00 0000
19904-02 ,0000
+5090+01 0000
06253.01 .4930'00
.6253-01 -,4930-00
,0000 10000
»0000 +0000

Xt 3)-T0=C( S) NUMERATOR

ROOT LOCUS GAIN® =,1125+02
BODE GAIN = 02039+02
ROOTS
REAL IMAGINARY
PART PART
-,9390-01 0000
-,9751+01 00000
~,2288+01 .00000
-,1436-00 14739=00
~.1436-00 -,4739=00
-,2568-00 «1453=0D
-,2568-00 -,1453-93
0000 «0000
. 0000 «0000
0000 0000

146



X( 4)=TC=C( 5) NUMRKLTON

ROOT LOCUS GAlNs 7591 =0)1
BOCE GAIN = =.2760-00 . EPRQD“C\B\-E
ROOTS NO
RFE AL IMAGINARY
PART PART
.0308"07 00000
~,1102+0C «3985-00
'01102‘00 '03985‘00
-,2791-90 » 0000
v 3063-00 02953=00
+3063=00 0295300
-,2139+01 «1884+01
~,2139401 ~.1888+01
.0000 .0000
+0000 0000

Xt 5)=T0-C( 5) NUMERATOR
ROOT LOCUS GAINs ~-,1609-00

bbb b

P

BODE GAIN = 01372-01
ROOTS
REAL IMAGINARY
PART PART
02929'01 0000
-,1029+02 0000
-.1872-00 01098400
-.1872-00 -,1098400
'01‘25‘00 04763'00
'01‘25-00 '047‘3'00
06008”00 00000
0000 »0000
000N . 0000
Q000 0000
7




Xt 6)-T0~C( 3) NUMERATOR

ROOT LOCUS GAIN®

=,7643~01

BODE GAIN & =,1689-00

ROOTS

REAL

PART
-,2793~00
-,9900~01
-=,5900-01
022’°'°°

16245401
*,1356+01
»0000
«0000
0000

IMAGINARY
PARY

+0000
4446000

'04‘46‘00
12527-00

'02527‘00
+0000
0009
+0900
0000
»0000

148




!'II.'I.lI‘.'........llllll.lluuu-u-n‘-nL‘ﬁunu-nnmn-mmmmmmmmmw e

‘LOCKHEED AH56A HELICOPTER
CASE 21 SPEED®101.5 FT/SEC,

JUNE 10 1979

MOSTAB-B DERIVATIVES

H-DQOT2-28,3 FT/SEC,

GAMMAS=16.5%DEG,

GROSS WEIGHT®15600,

SEA LEVEL. NYNAMIC TIP LNSS (YES)

STABILITY DERIVATIVE MATRILES~

Q

U v W P R
X =,6396+02 1486401 =,7705+02 <=.2426+03 11532+0¢ 12516403
Y =e1750%01 <-.464R40z =,29n6+01 <“=.1267+04 ~=,8028+02 01291404
Z +*.1412+03 «5764°00 ~,2759¢03 ~-,31264n3 ~-,1629+03 160844403
L =.7410+02 ~=.4018402 ~,9772¢02 ~,7984¢05 v9203+04 «1573¢05
M o}’)&'bi =.1764¢402 2924403 -,6515+n4 -,81008+05 « 4071404
N =,5090+03 16037403 =,3069¢03 - ,1300+05 3333404 -,3187405
U poY vV 00T W NnOT P ONT Q DOT R port
X =.4915~01 ~=.33920) ~,1812-00 ~.257%+02 12754401 16931404
Y 01108-04 «7717°04 409001 ~.181440) <-,2571+02 +4876-00
y 4 »4638-02 -,9223-03 202101 14R49401 v1977+01 =,1306+0%
L 2790401 -=.1179-02 1037402 02782404 ~=,1236¢04 ~=,7470%03
M 1 10H2+01 e 7964=02 ,61908401 01273404 ¢3015+04 ~-,3427¢03
N =,9203-00 =.1246-02 ~=,3416+01 ~-.8972+0) 1 3587+03 «2500+*03
ct 1) Ct 2) ct 3) ct 4) c( 5) .
X =.4970+05 -,5490404 2282405 ~,1251+03 ~,1186+05
Y =,2405+04 «12C3¢05 .H588+04 «9090+04 1341402
7 =.1323+06 11124404 . 3030405 «8397¢04 e3383+04
! L =.5487+05 6268406 2574406 ~,6380+05 ~,7360%04
M « 3046+06 12625%06 ~,6RA4406 - ~,7929403 ,1661+05
N -,5244*04 =.18089¢06 ~,26R0¢05 <~,2681¢06 ~-,7371¢03
THE INERTIA TENSOR
11444405 B187-07 1092405
8157-07 «5000+05 ~-,.2505-07
01092405 ~,2505-07 0 5206+05
TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REFERENCE AXES®
u v W F (r] R
« 980102  .2328-09 .2639+02 ~,0000 + 0000 -,0000
TRIMMED ITERATION COLUMN VECTOK, TE=-
«1092+00 2615=02 . 3553-02 +6179=-02 ~,2465-01 14073=03
STABILITY AXIS SYSTEM EULER AMGLES- THETA= -,2877-00 PHI 4246-03

AIRCRAFT INERTIAL SPEED=

«1015+C3

149

s ok

9 5 i e - o Ve
e S = :.__m;.\;';.u: Sl st e
.ﬁhdﬁéﬁiifiwﬂﬁluﬁﬂ

By B
A T -
(i A

1;5;;!:; P s



DENOMINATOR CHARACTERISTIC

ROOTS

REAL
PART
-, 3726~01
»,9702+01
»,21959¢01
*,3073-00
*,3073=00
-,26097-00
»,2697-00
02""00
»0000
»0000
+0000
+ 0000

NUMERATORS

(NOTE~ NUMERATOR ROOTS LESS TWAN 1.0E=7 TIMES THE
LARSESY NUMERATOR ROOT ARE NOT INCLUDED IN TWE BODE GAIN),

IMAGINARY
PART

y0000
+0000
10000
110274014

-,4027¢0%
+1980=00

=11980+00
10000
10000
10000
10000
10000

X( 1)=70=C{ 1) NUMERATOR

NOET LOCUS CAlN®

+1020403

BODE SAIN = 14067404

ROOTS

REAL
PART
-,3649-01
», 9727403
v,6753-00
»,6753=00
»,3230-00
»,3230°00
»,2963~00
+0000
»0000
» 0000

IMAGINARY
PARY
«0000

14283404

=,4283404

11039004

'01039‘01

0000
+0000
0000
0000

150




X( 2)=-T0=-C( 1) NUMERATOR
ROOT LCCUS GAINS 05292401
BODE GAIN = =-,4369+03

ROOTS
REAL  IMAGINARY
PART PARY
~,4203-01 .0000
-, 3679402 »0000
»,1234+03% 0 3119+01
=,1234403% =~,3119+0%
«6206-00 +0000
-,1984-00 1 3785<00
=,1984-00 ’03785'00
«0000 +0000
.0000 +0000
»0000 +0000

X( 3)=T0-C( 1) NUMERATOR
ROOT LOCUS GAINs  ,2731+03
BODE GAIN = =,1069+04

ROOTS
REAL IMAGINARY
PART PART
-.3697-01 «0000
~,9807+01 «0000
~.3082-00 01049+01
~.3082~00 =¢1019¢014
01221+01 10000
-,2733-00 ' 3470=00
~.2733-00 - 1347000
~:1022-07 «0000
. 0000 0000
+0000 «0000
151
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o M

X( 4)=T0-C( 1) NUMERATO®

ROOT LOCUS GAINE 7255401 \B\e
ooV’
BODE GAIN = =.9891-37 n qee®
M
ROOTS
REAL IMAGINARY
PART PART
-.9223-01 .1003
«.9673-01 . 0000
-.8616-00 +2474-00
-,8616-00 - .2474-00
-, 764201 . 7820=00
~.7642-01 -.7820+00
.3717-00 . 0007
.0000 . 0000
.2075-06 . 0000
281907 . 0000

X¢ 5)=T0-C( 1) NUMERATOR
ROOT LOCUS GAIN® <~,8235+(0%
BODE GAIN s -,6839-03

ROOTS

REAL IMAGINARY

PART PART
~,2036-03 + 2000
=.1C29+02 « 0000
-,3121-00 +1028+01
~¢3121-00 -.1028+01
-.3691-00 « 0000 3
~,6011-01 « 0000
“.3676-01 3000
-¢1613-06 «CUQY
-,2981-08 0000

0000 «JU00
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X¢ 6)=T0=C( 1) NUMERATOR
ROOT LOCUS GAIN®S =,1616+01
BODE GAIN &= =~,1612+01

ROOTS
REAL IMAGINARY
PART PART
-.8022~01 «0000
»+7039-00 » 3189401
=+7039-00 =.3189+04
-,2533-00 +3859<00
~.2533-00 -,385%9+-00
«8776-00 »0000
+1560~00 0000
0000 0000
+0000 0000
0000 0000

X¢ 1)=T0-C( 2) NUMERATOR

‘ROOT LOCUS GAINs 013947¢02

BODE GAIN = 2427404

ROOTS
REAL IMAGINARY
PART PART
+1241-06 00000
~,4135-00 .+0000
=.6681-01 0000
-,2758-00 ,1030+01
-,2758~-00 -.1030+01
=.8347+04 «0000
=,1102¢01 13649401
~.1102+01 ~13649+01
»0000 «0G00
»0000 +0000
153
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Xt 2)=70-C( 2) NUMERATOR

ROOT LOCUS GAINE =,2413+52
BODE GAIN = 02798+D4

ROOTS
REAL IMAGINARY
PART PART
"01773'00 01543'00
»,1778=00 =.1543=00
-,8371402 .00C0
-, 2631401 20000
-,8081-00 v7148-00
-,8081-00 =.7146-00
+2043~00 »0000
0000 +0000
+0000 »0000
03090 20000

X¢ 3)eT0eC( 2) NUMERATOR
ROOT LOCUS GAIN® =~,3144401
BODE GAIN * =,1170404

ROOTS
REAL IMAGINARY
PARTY PART
" 01625-06 »0000
=,2287403 «0000
~,3923¢01 +0000
-,2879-00 01036+01
~,2879-00 -,1036+01
=.1390+00 »2910-00
=:.1190+00 =e2910=00
~,6020-01 »0000
.0000 0000
0000 «000C

e DR T
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X( 4)-Tn=C( 2) LUMERATOW

ROOT LOCUS GalNs

BODE Ga
ROOTS

'07327‘02

Iv s 1634402

REAL IMAG INARY

PART PART
.9170-01 » 0000
v2581-00 12034=00
.2581-00 -,2034=00
.2451-00 ,0000
2208401 .0000
.2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>